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Cut sheave width and weight oa 
~ get same horsepower 
with fewer belts 


Where space is limited and weight a 
factor, design your drive with this impor- 
tant fact in mind: 


5 Gates Super Vulco Ropes 
do the work of 7 standard V-belts 


That’s because a Gates Super Vulco Rope has 
40% more horsepower capacity — delivers more 
horsepower per dollar invested than any standard 
V-belt drive. Sheaves with fewer grooves cost less... 
weigh less...take less room. Drive design is invari- 
ably improved. 

A wealth of drive data is quickly available to 
you. Simply call your nearby Gates distributor for 
a Gates V-belt specialist. Stocks carried in industrial 
centers around the world. 


ft id \ The Gates Rubber Company 


| Gates Distributors Denver, Colorado 


ore in the 


Yellow Pages 
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No other V-Belt has 
ALL these advantages 


1. Tough, resilient Tensile Cords 
Super strong resilient ten- 
sile cords provide 40% great- 
er horsepower capacity .. . 
easily absorb heavy shock 
loads . . . reduce number of 
belts required ... save weight 
and space. 
2. Concave Sidewalls (U.S. Pat. 


1813698) 
® Concave sides (Fig. 1) in- 
crease belt life. As belt bends, 


concave sidewalls become 


straight, making uniform 
Vs 4 contact with sheave groove 
(Fig. 1-A). Uniform contact 
— means less wear on sides of 


belt .. . far longer belt life. 
3. Flex-Weave Cover (U.S. Pat. 
2519590) 

A Gates exclusive: provides 
greater flexibility with far 
less stress on fabric. Cover 
wears longer . increases 
belt life... more power avail- 
able to driven machine. 

4. High Electrical Conductivity 

Built into Gates Super 
Vulco Ropes for safer drives 
(in explosive atmospheres). 

5. Oil, Heat, Weather Resistant 

Special rubber compounds 
make Super Vulco Ropes 
highly resistant to heat, oil, 
and prolonged exposure to 
weather. 
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Design to meet 
Toughest lubrication requirements 


with this centralized 


ALEMITE ACCUMATIC SYSTEM 





Can be designed into any machine 
in 4 easy steps ! 





1. Remove grease cups or 2. Connect each valve in system to 
grease fittings. its two lubricant supply lines. 








A 3. Connect valve outlets 
to inlet of bearings. (Each 
valve serves two bearings.) 





Type Il Accumatic Valve 


Handles difficult multiple-bearing lubrication un- — Fully hydraulic—no springs to adjust or replace. 
der all conditions. Fully sealed for clean lubrica- 
tion of power shovels, cement kilns, conveyors — 
any outdoor or indoor installation. Operates 
whether completely immersed in fluid .. . covered 
by dirt or grit. . . or protected by anti-corrosive | Tests show no appreciable variation in the amount 
paint. For fluid oil or light grease. Four sizes, de- of lubricant discharged after 73,312 cycles— 
livering from .050 to .500 cu. in. of lubricant. equal to 122 years of twice-a-day service! 


Now available with Lubrication Recording 
Cycle Counter—for a fully automatic record 
of bearing lubrication! 


4. Provide central pump for 
supplying lubricant to system. 











ALEMITE ACCUMATIC ADVANTAGES! 


@ Prevents application of wrong lubricant. 
© Seals completely against damaging dirt, grit and water. 
e No parts are neglected — lubricates inaccessible 
and dangerous bearings at regular intervals. ewer ; : 
Ae 4 ¥ oe A bf Alemite Accumatic Catalog 
@ Eliminates product spoilage due to over-lubrication. 


e Eliminates point-by-point lubrication methods — ALEMITE, Dept. BB-77 
services all bearings ih one operation. 1850 Diversey Parkway, Chicago 14, Illinois 


2 : ‘ P ¢ i 
© Delivers exact amount of lubricant to bearing. lease send me my free copy of the complete Accumatic Catalog. 


ALEMITE sym 


REG U. S. PAT. OFF 
Address 


Division of STEWART-WARNER CORPORATION 
i City Zone State 
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Keeps a workhorse working! 


C/R lifeguards the power-shifted transmission 
in the big Hough ‘‘Payloacer”’ 


The new Hough Model HH ‘‘Payloader’’ is a big, tough 
tractor-shovel that wades through hard, rugged work day 
after day without flinching. Its power-shifted transmission 
makes it one of the fastest-maneuvering, easiest-handling 
tractor-shovels on rubber. To keep the transmission hum- 
ming, two shafts must be protected: an input shaft turning 


up to 2 


,200 r.p.m., and an output shaft operating at speeds 
up to 3,000 r.p.m, All vital parts of the transmission are 
pressure-lubricated—the SAE 10 HD oil must be retained; 
dirt and grit must be excluded. C/R Type P and F Oil 
Seals with the Conpor K-400 sealing elements. . . speci- 
fied by Hough engineers... have been performing with 
complete dependability well beyond the required 2,000- 


hour service life. 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1221 Elston Avenue Chicago 22, Illinois 


Offices in 55 principal cities. See your telephone book 


In Canada: Manufactured and Distributed by Chicago Rawhide Mfg. 
Co. of Canada, Ltd., Hamilton, Ontario 


Export Sales: Geon International Corp., Great Neck, New York, 


2 
& 


If you have similar problems involving lubri- 
cant retention or dirt exclusion, C/R Oil Seal 
engineers can help you. They’ll select the correct 
seal for your application or gladly cooperate 
with you on special designs. 


More automobiles, fa 
( 


OIL SEAL ve DIVISION 


oF se coy. Ucte) 
RAWHIDE 


OTHER C/R PRODUCTS: Sirvene (synthetic rubber) molded pliable parts @ Sirvis- 
Conpor mechanical leather cups, packings, boots e C/R Non-metallic Gears 
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few! CLARK Type “AL” AUTOMATION 


AM LIMIT SWITCH 
—— ADJUSTABLE IN MOTION — 


GREATER SAFETY! GREATER FLEXIBILITY! GREATER PRECISION! EASIER MAINTENANCE! 


PRECIS!1ON-—Graduated 
scales for adjustment of each 
switch unit are printed on inside 
of clear plastic window. Provision 
is made for circuit identification 
visible through window. 


FLEXIBILITY—An addi- 
tional isolated contact—easily 
convertible in the field — is 
available for each switch unit, 
to permit control of two cir- 
cuits from a single unit. 


MAINTENANCE —All con- 
tacts clearly visible through 
plastic window. Inspection 
may be made without remov- 
ing switch cover. 


PRECISION — Position of 
switch unit can be adjusted 
to micro-accuracy over a 30 
range from outside housing 


while machine is in motion. SAFETY 


PRECISION—Cans can be loosened and reset without 
removing them from shaft. Graduations facilitate making 


precise settings. 


Heavy-duty 15 
ampere indus- 
trial-control 
type contacts 
will not jaropen 


with 
vibration. 


severe 


SAFETY —Switch unit is actuated 
only when roller is riding on 
raised segment of cam. Jogging 
in reverse does not alter sequence 
of operations. 


FLEXIBILITY —Rear- 
mounted switch units can be 
added to permit micro-ad- 
justment of both make and 
break of a single circuit 
operated by a single cam. 


PRECISION-—Snap-action, 
latching type switch units 
make possible smooth per- 
formance, being operated by 
constant acceleration cams 
eliminating ‘‘bumping”’. 


SAFETY—Canms force con- 
tacts open and hold them 
open—assuring postive break. 


PRECISION MAINTENANCE — Enclosure 
Large (7-in.) twin-disc with cast aluminum base and 
adjustable butterfly cams welded stee! cover meets NEMA 4 
operate each circuit. Wide (watertight) and NEMA 12 (auto- 
variety of cam equip- motive and J.1.C.) standards. Oil 
ment available to cover resistant rubber gasketing and 
range of contact opera- packing under pressure completely 
tions from 15° to 345°. seal enclosure. 


These new CLARK Type “AL” Cam Limit Switches meet the rugged 
requirements of large presses, and have broad application on many 
other machines where accurate and dependable sequence operation 


3 basic sizes: 5 cam, 9 cam and 12 cam. The 12-cam of multiple circuits is required. They are ideal for use where it is 


size can be modified to accommodate up to 16 cams. 
With double-sided switch arrangements, 


each 


: advantageous to make precision adjustments while machines are 
size 


can provide additional switch units up to one less in motion, and are particularly suitable for many applications in 


than the number of cams. 


the field of Automation. 


For more information, write for Bulletin 102-AL 


Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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Racing, Speed Publicity 
Halted By Auto Makers 


Emphasis To Be On Safety, 
Reliability and Comfort 


DETROIT, MIcH.—Unanimous reso- 
lution of the Automobile Manufac- 
turers Association recommends 
that member companies take no 
part in auto racing or other com- 
petitive events involving speed 
tests. It urges that members dis- 
continue all publicity regarding 
“actual or comparative capabilities 
of passenger cars for speed, the 
specific engine size, torque, horse- 
power, or ability to accelerate or 
perform, in any context that sug- 
gests speed.” All volume producers 
of passenger cars in U. S. are mem- 
bers of the Association. 

According to the resolution, man- 
ufacturers should “encourage own- 
ers and drivers to evaluate pas- 
senger cars in terms of useful pow- 
er and ability to afford sa*>, re- 
liable and comfortable trans} -rta- 
tion, rather than in terms of ca- 
pacity for speed.”’ 


Aircraft Collision Avoidance 
Subject of New Research 


Device To Function in Planes 
Flying at Mach 3; 100,000 Ft. 


BALTIMORE, Mp.—Development of a 
practical device to prevent aircraft 
collisions is subject of a contract 
between Bendix Aviation Corp. and 
the Air Force. Schedule calls for 
completion in March, 1958, of a 
flight-tested research model to be 
delivered to Wright Air Develop- 
ment Center. 

The contract provides a general 
description of what the final de- 
vice might be like: 


1. Maximum detection range of the 


<Circle 406 on page 19 


LOW FLYERS’ NEMESIS is this new Army missile which carries radar 
highly effective in detecting and tracking low-flying aircraft in the blind 
zone of conventional radars. Named Hawk, the missile was developed at 
Raytheon Manufacturing Co. The Hawk system can be emplaced in fixed 
installations and can also accompany fast-moving troops in the field. Fixed 
emplacement for a Hawk battery covers 40 acres; has underground missile 
magazines. Missiles themselves are 16 ft long; 14-in. diam; use solid fuel. 





system would be sufficient to 
provide ample warning and col- 
lision avoidance maneuvering 
time at closure rates up to 
Mach 6. 


2. Protected volume surrounding 


the aircraft, from which collision 
avoidance information is re- 
quired, would be _ essentially 
spherical in shape. This protect- 
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ing sphere may be modified so 
that maximum detection range 
is in the directions of greatest 
vulnerability to collision. 

3. A warning device would be in- 
cluded to inform the pilot that 
another aircraft is nearby. The 
system would include means for 
automatically executing collision 
avoidance maneuvers by intro- 
ducing appropriate electrical sig- 
nals into the autopilot or flight 
control system of the aircraft. 

. Size of the equipment would not 
exceed 2500 cu in. Installed 
weight would not exceed 50 Ib. 

5. Overall system would be suitable 
for all-weather use in aircraft 
with speeds up to Mach 3.0 at 
altitudes up to 100,000 ft. 


Design objectives include making 
the system suitable for both civil 
and military use and adoption of 
primary radar methods. 


U.S. Army photograph 


PNEUMATIC ASSAULT BOAT developed by the Army Corps of Engineers 
carries 15 men at 7.1 mph when powered by a 25-hp outboard or 3.3 mph 
when hand paddled. Constructed of neoprene-coated nylon, the boat consists 
of a main flotation tube, an air-mat bottom, a thwart tube connecting the 
main flotation tube amidship, and a 4-in. diameter spray rail around the 
main flotation tube. The main tube, 18 in. in diameter, has six compartments, 
four of which can be punctured without putting the boat out of action. In- 
flated, the boat is 17 ft long, 5 ft 8 in. wide. Collapsed, it weights 255 Ib. 





Utility Outstanding Feature Of Italian Cars New in U.S. 


NEw York, N. Y.—The Fiat line of 
automobiles from Italy is now 
available here in two series of 
cars comprising seven body styles. 
The smaller 600 series includes 
a two-door sedan, convertible and 
station wagon. The 1100 series 
has four-door standard and tour- 
ing sedans, station wagon and a 
two-place convertible. 


All of the cars are powered 


by four-cylinder engines ranging 
from 22 to 53 hp. Engine of 
the 600 series is in the rear. Man- 
ual shift transmission with four 
forward speeds is standard. 

The 600 ‘All Service” will ac- 
commodate six persons or 770 lb. 
As a utility vehicle, seats can be 
collapsed to provide a_ loading 
platform. Seats in another 600 
series model fold down to provide 


Italian Fiat two-door 600 Standard Sedan recently introduced in the U. S. 
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Engine Specifications 





600 1100 
Series Series 





In-line, OHV In-line, OHV 
4 4 


Bore & Stroke 
OIE) ). s:00 sewn 68 x 75 


Displ. (06) ... 1089 

Comp. ratio .... ar aah 7to1;8to1* 

Bee,  WOSE sos 2% 40 @ 4400 
53 @ 5260° 





Dimensions 





600 1100 
Series Series 





Wheelbase (in.).. 78% 92% 
Length (in.)..... 140% 150% 
Width (im.}. css. 57%; 57%? 
Height (in.)..... 58%; 50%1 





*1100 TV series. +1100 TV convertible. 


sleeping accommodations for two 
adults. 

The 1100 “Family Sedan” is also 
utilitarian with adjustable seats 
and a fifth door at the rear to 
facilitate loading. A touring sedan 
in this series has conventional 
seat arrangement, is described as 
a medium capacity car with deluxe 
appearance. 





Front Cover 


Printed circuits that can be bent 
around corners, or formed into cylin- 
ders or spirals, provide high versatility 
in design of electronic equipment. 
George Farnsworth’s cover highlights 
the article by George Voida on Page 
124. 
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Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





SPURS © SPIRALS © HELICALS * BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WHEN SINGLE OR MULTIPLE THREAD WORMS. 
WU 


. IT’S A JOB FOR 
Ce MEL c- WETWOWE. « ¢ LUMCHULIBS 


‘ 


’ 
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mer 
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6-page Small Gearing Guide. It describes 
80 types and applications. Contains use- 
ful charts . . a valuable aid to anyone in- 
terested in Small Gearing. Use company 
letterhead, please. No obligation, of course. 


Top precision in the G. S. 5 and 8 thread 
hardened and ground Worms pictured 
above, is consistently maintained on G. S. 
precision equipment. Accuracy and uni- 
formity of lead, and thread spacing accuracy, 
of vital importance in precision multiple 
Worms, is under the strict control of highly 
skilled workmen. The 4 thread Worm has 
hobbed threads, case hardened and polished. 
This method is more economical and a great 
degree of accuracy is maintained through 
G. S. specialized heat treating. The 3 thread 
Worm is hobbed and brushed. This most 


economical method is recommended for un- 
hardened multiple thread Worms. The 
single thread Worm is precision ground 
from the solid, on a heat treated shaft. 
G. S. men, methods and machines are de- 
veloped to produce a degree of accuracy, 
efficiency and economy that will cut costs 
and improve product performance for you. 
Modern equipment and extensive inspection 
facilities assure absolute control of quality. 
Customer furnished blanks or a complete job, 
optional. Send drawings or details, today. 
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Gf Yeats of Luecializing tn nal Gearing! 
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CONVAIR 880 PLUG-TYPE 
DOOR IN CLOSED AND 
LOCKED POSITION 


HANDLE TURNS UP, 
SLIDES WEDGE-SHAPED 
DOOR UP TO UNPLUG 


DOOR MAY THEN BE 
OPENED TO COMPLETE 
MANUAL OPERATION 


PLUG-TYPE DOOR will be used on Convair model 880 commercial jet 
transports. The 615-mph planes will have pressurized cabins to permit flights 
at altitudes up to 40,000 ft. Under these conditions, doors must not open 
accidentally and should not depend on latches to keep them in place. Tapered 
design fills the bill. The door is side hinged, vertical sliding, closed and 
opened by 180-degree turn of handle. Shear ledges along each side of the 
door fit into recesses in the frame. These vertical elements carry the pres- 
sure from cabin interior. Convair says its door is easy to install and main- 
tain, light in weight, useful for both passenger and cargo compartments. 


VERSATILE VANE GENERATOR is this new unit developed particularly 
for machining the blades of jet engine compressors or blowers. Prototype of 
model 6-6-720-P, shown, by Machine Tool Div., Nationwide Engineering 
Service Inc., performs machining in 10 minutes that requires 80 hours by 
step milling and hand finishing with conventional equipment. The new ma- 
chine can generate vanes concave or convex in shape, with straight or 
tapered sides, and perpendicular to either the spiral axis or the hub of the 
vaned product. Vanes may have variable lead, as shown above, top right, 
or constant lead, lower right. Maximum machine capabilities are: work diam, 
6 in.; work length, 6 in.; vane rotation, 720 deg; lead angle, 45 deg; cutter 
diam, 1/,-in.; hub angle, 45 deg. Air-driven cutter speeds are 18,000 to 35,000 
rpm; optional mechanical cutter spindle runs at 1500 to 10,500 rpm. 
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Topics 


Balloon ascent of 96,000 ft has 
been made, setting a new record 
for manned, lighter-than-air 
flight. Previous record was 76,000 
ft. The flight, made by Capt. J. 
W. Kittinger Jr., was part of a 
series of tests to determine man’s 
endurance at high altitudes. 


* ca os 

You can’t get sociable in an au- 
tomobile because passengers ride 
on two rows of benches—so says 
Ruth Glennie, who does interior 
decorating for Buick. Miss Glen- 
nie proposes a swivel-type front 
passenger’s seat so that the per- 
son sitting there could ride back- 
wards and join in the back-seat 
conversation. Would this be known 
as the backward look? 

e @ * 

Flat TV picture tube should be 
perfected in ten years, according 
to Ross D. Siragusa, president of 
Admiral Corp. New wide-angle, 
110-deg deflection picture tubes in 
current Admiral sets are housed 
in cabinets less than 16 in. deep. 
Six years ago, 21-in. sets with their 
70-deg tubes had cabinets over 27 
in. deep. 

* 7 * 

Aerial color photographs reveal 
clues to location of mineral de- 
posits. High-altitude shots are 
studied with  three-dimensional 
viewing equipment to reveal de- 
tails in the lay of the land that 
would not be detected in a cursory 
ground survey. Changes in color 
tones, undetectable in black-and- 
white photographs, indicate geo- 
logical characteristics that point 
to oil and mineral deposits. 

a r * 

Paint film 0.001-in. thin—or elec- 
troplating or metal overlay—can 
be measured for quality control 
purposes with a new instrument 
developed by General Motors re- 
searchers. The portable Lamina- 
gage nondestructive tester can be 
used for a high rate of production 
testing. 

« e * 

International Jouncil of the 
Aeronautical Sciences is the first 
world-wide organization formed 
specifically to extend collaboration 
in all scientific areas pertaining 
to mechanical flight, according to 
an announcement by the Institute 
of the Aeronautical Sciences. First 
international congress of the ICAS 
is scheduled for Madrid in 1958. 
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Precision ... 
selt-alignment. 


EVEN IN THIS LOW-COST 
BEARING 








Link-Belt JPS-200 ball bearings 


BEST SEAL AVAILABLE ANY- 
WHERE! Synthetic rubber lip- 
type seal, integrai with bearing, 
keeps lubricant in, dirt out. 
Bearing is greased at the fac- 
tory and shipped in one piece 

no juggling of sundry parts 
in assembly—simply slip unit 
on shaft and bolt to support. 
Its compactness further aids 
design flexibility. 


LINK-BELT JPS-200 ball bearings 
. ° ° ° FREE ROLLING AND FUil LOAD 
maintain capacity despite shaft CAPACITY are maintained even 


under shaft or support mis- 


and support deflection alignment with Link-Belt self- 


aligning feature. Extra-long 

inner ring of bearing assures 

: ‘ . proper load distribution. Heavy 

I's rugged field service, supporting structures on farm spring-locking collar firmly se- 


machinery and similar equipment undergo inevi- cures bearing on shaft. 
table weaving. Shafts, too, are subject to dynamic 
deflections. Answer: self-alignment — the ability of 
Link-Belt bearings to adjust under these conditions. 
And it’s yours at low cost in this precision Link-Belt 
ball bearing. 
Equally important, Series JPS-200 bearings achieve 
their economy with no loss of efficiency. They com- j N 
bine sturdy pressed-steel housings with standard, full- 
capacity Link-Belt ball bearings. 
Folder 2517 has complete data on the Link-Belt 
JPS bearing series, and Book 2550 covers the entire 
Link-Belt bearing line. Get both from any of 40 self-aligning 


nes ae ball and roller bearings 


‘1 or 


r) 

‘% 

B : BEL 
a ; 


Sry . B 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying Factory 
Branch Stores and Distributors in All Se Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), 
South Africa, Springs. Representatives Throughout the World 14,339-A 
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INDUSTRIAL NOOK AND CRANNY PROBE, de- 
signed for simple, rapid attachment on conventional 
lift trucks, carries maintenance or production personnel 
to plant areas formerly not readily accessible. Desig- 


a single control for 3-D motion of the jointed arm, 
hydraulically actuated. Maximum reach of the unit is 
40 ft above the floor. Outriggers steady the truck for 
extension of the boom to either side. Accessories at- 


nated model 4-40], Hi-Ranger, the unit is made by 
Mobile Aerial Towers, Inc. Operator, tools and mate- 
rials, up to 300 Ib total, ride the basket which houses 


tachable to the basket include lighting fixtures, electric 
lines and pressure-sensitive bars for stopping all motion 
during performance of delicate operations. 


Unitized Aluminum Body Makes 
Light, Versatile Army Truck 


DEARBORN, MIcH.—Integral body- 
frame structure of aluminum, 
claimed to be first in the the auto- 
motive industry, has been devel- 
oped by Ford Motor Co. in con- 
structing a new Army utility vehi- 
cle. Body structure, spot welded 
throughout, weighs 124 lb. This 
is about one-third the weight of 
steel body prototypes. 

Resembling a jeep, the vehicle is 
said to be lighter and stronger, 
more economical to operate and 
better performing than any com- 
parable military truck. For great- 
er stability, center of gravity is 
31% in. lower than that of the pres- 
ent Army quarter-ton truck. It 
provides room for four passengers 
and has 30 per cent greater cargo 
area. Wheelbase is 85 in., overall 
length, 132 in. 

Specially developed four-cylinder, 
ohv engine is said to provide high- 
er speed and better acceleration 
than any current military vehicle. 
Engine, radiator, clutch, transmis- 
sion, and transfer cases are in- 
stalled in a single package. This 


FLIGHT HISTORY OF MISSILES, aircraft and bombs will be recorded by 
this mobile optical tracking system. Unit will record altitude data, spin rates, 
and correlated time data. It will photograph a 2 in. by 7 in. object at alti- 
tude of 4 mi. System consists of a 100-in. focal length reflecting telescope 
equipped with 70 mm movie camera and two sighting cameras. By changing 
lenses, focal length of primary telescope can be moved from 100 to 200, or 
300 in. Variety of color and neutral density filters are built in. Unit will 
operate remotely by radar, or by visual observation. Entire system is mounted 
on 90-mm gun mount. Called the Telescopic Photographic Recorder, it was 
developed for the Air Force by Perkin-Elmer Co. 
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NOW A 


[NEW] DEPARTURE 
IN PILLOW BLOCKS 


®@ Clean, rigid, compact design. 
@ Free of any lubricating fixtures. 


New Departure ball bearings sealed 
and lubricated-for-life. 


Pillow Blocks easily mounted with- 
out special tools. 


Only high capacity precision ball 
bearings used. 
e@ Accommodates any misalignment. 


@ 31 shaft sizes, Y2" through 27(.". 
Interchangeable with most makes. 


Send for Catalog PBC 
for complete details. 


GREASE SEALED IN 

DIRT SEALED OUT 
with 

FAMOUS SRN 


ON GUARD 
AGAINST DIRT 


New Departure Pillow Blocks em- 
ploy the performance-proved New 
Departure Type AE Adapter ball 
bearings with spherical O.D. for 
alignability and steel-reinforced 
Sentri-Seals for long life protection 
against dirt or grease leakage. 





The bearings are easily applied to the 
shafting and are positively locked in 
pesition with an eccentric cam iocking 
collar and set screw. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 





NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN; 
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entire assembly can be removed 
and changed in one hour. 

Because suspended brake and 
clutch pedals are used, there are 
no holes in the floor and the vehi- 
cle is adaptable to flotation. It will 
transport four soldiers with cargo 
across inland waterways. 

One of the early prototypes was 
successfully parachuted to earth 
twelv- times as part of a military 
testing program. 


Stored Storage Batteries 
Possible Through New Design 


Unique Power Source 
Valued for Emergency Use 


ROCHESTER, N.Y. — Batteries that 
can remain in inert storage for 
years and be brought to full power 
in 0.1-second have been developed 
by Eastman Kodak Co. and G. & W. 
H. Corson Inc. 

The new battery is activated by 
an internal burst of ammonia va- 
por. Efficient operation at temper- 


PRODUCTION AUTOMOBILE is this airplane now in the production 
stage by Aerocar Inc. Conversion to car, complete with turn signals, takes 
five minutes. Wings and tail fold into detachable trailer unit. Flight cruis- 
ing speed is over 100 mph, ceiling 12,000 ft, range 300 mi. Car unit has 
fiber glass body, front-wheel drive, safety pop-out windshield and two-tone 
exterior finish. Maximum road speed is 67 mph. 





atures ranging from below —65 F 
to +165 F is claimed by its mak- 
ers. The battery may be tested at 
any time during its virtually un- 
limited ‘“‘shelf life’? by the admis- 
sion of ammonia vapor to the her- 





MOST POWERFUL production turbojet engine this side of the Iron Curtain 
is claimed for the new J-75 model by Pratt & Whitney Aircraft. Its rated 
thrust of 15,000 lb is augmented by an afterburner. The new engine looks 
like its forerunner, the J-57, but the J-75 produces nearly 50 per cent more 
dry thrust; has outstandingly low specific fuel consumption and lower specif- 
ic weight. The J-75 will power the Air Force F-105 fighter, the Navy P6M 
water-based bomber, and the Boeing 707 and Douglas DC-8 airliners. 


12 


metically sealed container—then 
deactivated by vacuum removal of 
the vapor. 

Almost unlimited variety in con- 
tainer size is possible by simple 
structure of the unit. It consists 
of cathode and anode joined by a 
blotter-like “bridge,” plus an am- 
monia-vapor triggering device. 

Individual ceils capable of inter- 
nal series arrangement to produce 
up to 6000 v make the battery 
adaptable to a variety of industrial 
power needs. 


American Institute of Electrical 
Engineers announces the election 
of Walter J. Barrett as president 
for 1957-58. Mr. Barrett, who is 
affiliated with New Jersey Bell 
Telephone Co., has been active in 
AIEE committee work, has served 
in such capacities as a director of 
the institute and treasurer. 

Vice presidents elected were 
Benjamin R. Teare Jr., Carnegie 
Institute of Technology, Pitts- 
burgh; Herbert W. Oetinger, Duke 
Power Co., Charlotte, N. C.; Albert 
G. Johnson, Omaha Public Power 
District, Omaha, Neb.; Orien A. 
Gustafson, Pacific Northwest Dis- 
trict, General Electric Co., San 
Francisco; and Gordon F. Tracy, 
University of Toronto. L. F. 
Hickernell, Anaconda Wire & Cable 
Co., Hastings-on-Hudson, N. Y., 
was elected treasurer. 
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Performance features 
of TORRINGTON 
CAM FOLLOWERS 


Built to “FOLLOW THROUGH” 
under high shock loads 


Every feature of the Torrington Cam Follower is designed to insure 
efficient performance and long service life under heavy rolling and 
shock loads in cam or track follower service. 

Precision made throughout, Torrington Cam Followers are avail- 
able in sizes from 2” to 2%” OD. Special surface finishes such as 
chrome and cadmium plate or oxide black can be provided. 

Our engineering staff will be glad to work with you in applying 
these reliable units to your cam-controlled or track-type equipment. 
You can depend on Torrington Cam Followers to “follow through” 
on the job because every element is designed for ultimate capacity. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER 
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NEEDLE ROLLERS 


Heavy sectioned outer 
race to absorb high roll- 
ing and shock loads. 


Integral stud for can- 
tilever mounting, case- 
hardened, with tough 
core for high strength 
to withstand shock 
loads. 


Easily relubricated at 
either end or through 
cross hole in stud. Ends 
accommodate standard 
drive grease fittings or 
plug seals. 


Fullcomplement of 
small diameter rollers 
for maximum radial ca- 
pacity and efficient 
anti-friction perform- 
ance. 


Races precision ground 
for even load distribu- 
tion and uniform low 
end play. 
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Device Uses Powder Blast 
To Halt Steam Catapults 


WASHINGTON, D.C. —— Runaway 
steam catapults on aircraft car- 
riers will be actually blasted to a 
halt by a device developed joint- 
ly by Naval Ordnance Laboratory 
and Naval Air Engineering Facili- 
ties. 

The new safety device prevents 
the catapult from reaching exces- 
sive speed if it accidentally dis- 
connects from the aircraft it is 
launching. Named the RSP—Run- 
away Shot Preventer—the system 
cuts off the steam supply if the 
shuttle of the catapult uncouples 
from the plane prematurely. 

If a catapult accelerates sudden- 
ly to excessive speed, the RSP ex- 
plodes a charge of gunpowder that 
closes the steam valve in 0.2-sec- 
ond. Then a water brake safely 
stops the catapult’s moving shuttle 
before extensive damage is done. 





EFFI—Electronic Fiber Fineness In- 
dicator—is new system for measur- 
ing and grading textile fibers. Unit 
rapidly scans fibers on a slide and 
computes average diameter of selec- 
ted group. Developers are Top Co. 
and National Research Corp. 





Society of the Plastics Industry 
Inc. announces the election of Rus- 
sell Mahaney as president for the 
next two years. He was also elec- 
ted to the SPI board of directors. 
Mr. Mahaney is president and di- 
rector of St. Regis Paper Co. and 
general manager of its Panelyte 
Div., New York. 
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FIRING ORDERS are handed to air defense weapons by this electronic con- 
trol system capable of performing 136,000 mathematical steps in less than 
a second. Factors involved in split-second calculations include missile time 
from battery to exploding point, effective range, point of intercept, kill 
probability, percentage of total bomb damage attacking planes can inflict, 
and target priority of a group of attacking planes. Multiweapon Target and 
Battery Evaluator, 29 ft long and 7 ft high, has a 9-ton air conditioner. It 
was conceived by Army Signal Laboratory, developed by Burroughs Corp. 





Automotive Gas Turbine Ready Soon for Trucks, Buses 


Heavy Duty Applications 
Cited by GM Engineers 


ATLANTIC City, N. J.—Automotive 
gas turbines are “practical and 
feasible” for heavy duty and mili- 
tary vehicles. ‘‘No additional en- 
gineering breakthroughs are re- 
quired to put heavy turbine ve- 
hicles on the road,” according to 
three General Motors research en- 
gineers. 

Appearing before the SAE an- 
nual meeting, William Turnen, 
Robert Schilling, and E. L. Baugh 
described research on the recently 
announced Chevrolet Turbo-Titan, 
a heavy duty truck tractor. 

Under a normal rating of 50,000 
gross combined weight, the unit 
has an acceleration improvement 
(0 to 40 mph) of 27.5 per cent over 
a standard piston truck engine. On 
hills the turbine showed a 17 per 


cent “gradeability” improvement. 

Comparative constant-speed, lev- 
el-road fuel economy tests, match- 
ing the Turbo-Titan with a stand- 
ard production truck, also pro- 
duced good results. 

To make a comparison with a 
production truck, gross load of the 
Turbo-Titan was increased 15,000 
Ib to maintain a more nearly equiv- 
alent performance. 

At top speed on the highway, 
the turbine engine operated with 
fuel costs ‘‘the same or less than 
those of production piston engines.” 
Moreover, gas turbines will run 
equally well on several fuels, from 
gasoline to diesel No. 2, allowing 
use of cheapest or most readily 
available fuels. 

Other favorable details of the 
turbine engine were outlined. ‘The 
gas turbine delivers more power 
per cubic foot of installed space 
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Anchor Steel & Conveyor 
Co., Detroit, incorpo- 
rates Lewellen V/ 5S 

Transmissions and 
Variable Pulleys in 
their head shaft drives. 


EXPOSURE TO LIGHT from time 
to time will run this new solar clock 
indefinitely. Equivalent of a day of 
incandescent light or sunlight pro- 
vides correct time for a month. A 
series of silicon solar cells generates 
voltage to charge an accumulator 
cell; this in turn operates an electric 
clock mechanism. Capacity of the en- 
ergy storage unit is sufficient to 
keep clock functioning for more 
than a year without any light. If the 
clock stops after long storage in the 
dark, exposure to light restarts it. 
Product of General Time Corp., the 
unit will be in production soon. 





or per pound of installed weight 
than present reciprocating engines. 
Its transmission requirements can 
be simplified, to minimize driver 
training, by elimination of the 
torque converter and its cooling 
equipment.” 

Durability tests with Turbo-Titan 
were admitted to be incomplete but, 
“in general, durability has been ex- 
cellent despite the usual run of 
minor difficulties with new engine 
development. 

“Being a true air-cooled engine, 
the turbine does not require bulky 
radiators, large and noisy fans or 
antifreeze, and no difficulties were 
experienced in these areas. . . . Oil 
consumption has been extremely 
low. As oil does not come in con- 
tact with combustion products or 
unburned fuel, it stays clean for 
long periods.” 

“The ignition system is very 
simple and is required only during 
starting. The fuel control system 
which replaces the carburetor is 
relatively simple and has operated 
trouble free.” 

Carbon formation or fouling in 
the engine’s regenerator, which re- 
trieves heat from exhaust gas and 
delivers it to the engine’s air in- 
take, has not been a problem be- 

(Continued on Page 22) 
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CONVEYORS 


LEWELLEN 


WS TRANSMISSIONS 


VARIABLE PULLEYS 


WHEN A LEWELLEN V/S TRANSMISSION OR 
VARIABLE PULLEY DRIVES THE HEAD SHAFT, 
movement of materials and products becomes as flexible as 
every production demand. 

Transfers are timed and feeds are proportioned at what- 
ever rate the operation requires. 

Flow is smooth, continuous . . . and coordinated. 


ANY SPEED IS IMMEDIATELY AVAILABLE AND 
CONVENIENTLY CONTROLLED, manually or auto- 
matically, over the entire range of operation. 

Lewellen V/S Transmissions are rated to 60 H.P. in 
speed ranges to 20:1. 

Lewellen Variable Pulleys are rated to 15 H.P. in speed 
ranges to 4:1 singly, 10:1 in pairs. 

Choose the variable drive that meets your specific need 
from Lewellen’s wide selection. 

Shall we send you our new catalogs? 


LEWELLEN MANUFACTURING CO., COLUMBUS, IND: 


Distributors In ‘All Industrial Areas 7 In Canada—Peerless- Engineering Sales Ltd., Toronto-Montrea 
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For the most effective answers to your bearing problems... 


FAFNIR OFFERS 
THE MOST COMPLETE LINE 

OF BALL BEARINGS 
IN AMERICA! 


STANDARD 

RADIAL BEARINGS 

WITH SAME BORE SIZE! 
This feature of Fafnir 
Standard Radial Bearings 
simplifies shaft size- 


bearing capacity problems. You 


can specify the shaft size, 


speed, load, service conditions. 
space and weight limitations and 
get the Fafnir Ball Bearing to meet 


your specifications, 





1 Shield 


1 Felt Seal 
and Shield 


Filling stot ime. 
pesembied with 
ys balls than 


: in 
most cases has 
‘Aese ips 
x | saaderate thrust 


1 Mechani-Seal 1 Plya-Seal 


Whatever your bearing needs, your best bet is Fafnir. 
The reason ... Fafnir makes America’s most complete line 
of ball bearings, ranging from standard radial to custom- 
made jet engine types. Various tolerances and 
combinations of seals and shields enable Fafnir to supply 
the best bearing for the purpose — the most bearing for 
the money. 


Check the Fafnir line first for a quick, effective solution 
to your bearing problems. Fafnir can deliver in the 
quantities you require. The Fafnir Bearing Company, 
New Britain, Connecticut. 














= FAFNIR 
with Plya-Seals 
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2 Mechani-Seals 2 Plya-Seals 





BALL BEARINGS 
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MOST COMPLETE he Sa LINE IN AMERICA 
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Wide Type Bearing 
with Mechani-Seals 
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Reader 
Information Service 


SUBJECT INDEX 


DESIGN’ 





Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Actuators, Edit. 221, 237 
Adhesives, Adv. 45, 245 
Aluminum and alloys, Edit. 170 
Aluminum truck body, Edit. 10 
Automobiles, 1957, Edit. 6 


Balls, Adv. 180 

Ball and socket joints, Edit. 205 

Batteries, Edit. 12 

Bearings, adapter ball, Adv. 47 
— 189; Adv. 11, 16, 87, 94, 
miniature, Adv. 92, 202 
needle, Adv. 21 
rod-end, Adv. 34 
roller, Adv. 9, 87, back cover 
sleeve, Adv. 34, 77, 223, 232, 236 

Bellows, Edit. 198; Adv. 70 

Belts, transmission, Adv. inside front 

cover 

Books, Edit. 232; Adv. 246 

Brakes, Adv. 242 

Brass (see copper and alloys) 

Bread slicer, Edit. 141 

Bronze (see copper and alloys) 


Cams, Edit. 137; Adv. 13 
Carbon and graphite parts, Adv. 236 
Castings, centrifugal, Adv. 232 
die, Adv. 112 
investment, Adv. 221 
iron, Adv. 29, 219 
nonferrous, Adv. 204, 219, 223 
shell-molded, Adv. 82 


Chain, conveyor, Adv. 210 
transmission, Adv. 81, 195, 210 


Circuit, printed, flexible, Edit. 124 
unitized, Edit. 198 
Classified ads, Adv. 175, 188, 230, 248 


Clutches, Edit. 122, 204, 234; Adv. 
182, 229, 242, 247 


Coatings (see Finishes) 

Coil forms, Edit. 218 
Compressors, Adv. 48 
Computer components, Edit. 238 
Computers, Edit. 163 

Conduit, Edit. 216 


Connectors, electric, Edit. 202; Adv. 
106, 245 


Control systems, electric, Adv. 39 
hydraulic, Adv. 248 


Controls, automatic, Edit. 121, 142, 
144, 209 
cable, Adv. 246 
electric, Edit. 227; Adv. 65, 78, 102, 
173 
pneumatic, Adv. 66, 215 
Copper and alloys, Adv. 49, 232 
Cords, electric, Adv. 84 
Counters, Edit. 224; Adv. 54 


Couplings, shaft, Edit. 123, 240; Adv. 
241 


aa rotating, stress in, Edit. 
hydraulic, Edit. 184; Adv. 211, 220, 
247 
pneumatic, Adv. 68, 211, 220 


Diaphragm shields, Edit. 202 


Drafting equipment, Edit. 231; Adv. 
30, 35, 165, 240 


Drives, adjustable speed, Adv. 39, 109, 
189, 203, 233 


Electric equipment (see specific type) 


Engineering department (see Draft- 
ing) 
Engines, Adv. 171 


Fasteners, Adv. 99, 234, 243 

blind, Edit. 189 

bolts, nuts, screws, Edit. 184, 195, 
206; Adv. 26, 33, 36, 60, 72, 107, 
241, 248 

locking, Adv. 209 

pin, Adv. 242 

retaining rings, Adv. 95 

rivet, Edit. 189; Adv. 58, 245 


Feeders, parts, Adv. 32, 178, 218 
Filters, Edit. 122; Adv. 88, 206, 224, 
230 


Finishes, protective, Adv. 61 
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Fittings, pipe, tube and hose, Adv. 226 
Forgings, Adv. 239 


Gages, pressure, etc. 
ments) 

Gaskets, Adv. 25 

Gears, Edit. 214; Adv. 7, 37, 43, 186, 
208, 212 


(see Instru- 


Heads, steel, Adv. 80 
Hinges, Edit. 152 


eee ae Edit. 196, 204, 220, 223, 


Insulation, Edit. 168, 212 


Lighting, Edit. 192, 220 

Lubricants, Adv. 73 

— equipment, Adv. 1. 200, 
24 


Machines (see specific type) 
Magnesium and alloys, Adv. 204 
Magnets, Edit. 210 
Meetings, Edit. 36 
Metals (see also specific type), Edit. 
34; Adv. 248 
vacuum-melted, Adv. 74 
Motors, electric: 
fractional and integral hp, Edit. 
196, 212, 223; Adv. 39, 44, 44A, 
59, 67, 97, 100, 104, 233, inside 
back cover 
gearmotors, Edit. 122, 186; Adv. 
169, 233, inside back cover 
subfractional hp, Adv. 185 


Motors, hydraulic, Adv. 207 
pneumatic, Adv. 108 


Mountings, vibration and shock, Adv. 
216 


Packings, Adv. 190, 205 

Pipe, Adv. 56, 1038 

Plastic parts, thin-wall, Edit. 146 
Plastics, Edit. 226; Adv. 85, 180 
Plastics molding, Adv. 38 
Positioners, parts, Adv. 32 

Printed circuits, flexible, Edit. 124 
Powder metallurgy, Adv. 89, 219, 223 


both available in libraries, generally 





SUBJECT INDEX (continued) 


Pulleys, Edit. 236 USE A YELLOW CARD 


P , Edit. 4 ; é ‘ 
pos ead 7 fla aes for More Information... 





Recorders, Edit. 226 
Reducers, speed, Adv. 90, 93, 186, 192, CIRCLE ITEM NUMBERS—-Throughout the magazine, each advertise- 


~ a cgi aah ment carries an Item Number for use in requesting further information. 
© bf ° ce ° ° 

+ ramen aaa’ 1. 208 All product descriptions, announcements and Helpful Literature items are 
Relays, Edit. 200; Adv. 179, 202, 222 also numbered, and for greater convenience are indexed below by Item 
Research and development, Edit. 141 Numbers. 

Rubber, Edit. 206 


Rubber molding, Adv. 64 EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 


" ill i i icle in the 
ital taiei inte supply lasts. Just fill in the page number and title of article i 


Seals, Edit. 209; Adv. 27, 50, 76, 236, place provided on the Yellow Card. 
240 





mechanical, Adv. 2, 57, 91, 252 
Servos, Edit. 132 
Shafts, Adv. 111 


flexible, Adv. 220 Index to New Parts & Helpful Literature 


Shapes, special, Adv. 62, 199 
Sheaves (see Pulleys) BY ITEM NUMBERS 


Shims, Adv. 231 


Shrink-fitting, electrical, Edit. 120 ee 
Silicones, Edit. 206; Adv. 193 HELPFUL LITERATURE— descriptions start on page 174 


Small parts, Adv. 247 nunnen 

: i c 
Solar energy, Edit. 24 Rectifiers & Capacitors ............ Stainless Steel ........-seeeeeeeeeee 
Spray gun, Adv. 243 Variable Transformers Motors & Drives 
Springs, Edit. 141 Drafting & Reference Table Automatic Filters 

Mot deri Cedeerscneve 
Sprockets, Adv. 96, 195, 210 wae CERES  Sanete Control Centers 
ee: : High Strength Steel Leaded Steels 

Stability of vehicles, Edit. 147 Nylon Coil Bobbins : 


Forged Steel Connections 
Starters, motor, Adv. 39 I NII = pace caine od vs dae are ° 


Steel, Adv. 23, 52, 101, 199, 214, 225, Flexible Hose & Duct Se ee ee 
239 Electric Clips : Pen am 
stainless, Adv. 55, 98, 177, 217 Relays rien allie ag 
Switches, Edit. 186, 216, 221, 227, 229 Bintatare Peat Meter pt A 
Hd ; : r , ’ , Controlled Volume Pumps Process Control Instruments 
238; Adv. 4, 28, 78, 110, 201, 244 Seated Ghedeientae Giaeancees 
Swivel joints, Adv. 39 Floating Gearmotor Wiring Terminals 
Systems, hydraulic, Adv. 75, 235 Conveyor Belt Vibration Testing 
pneumatic, Adv. 207, 215 Optical Analysis of Gears Poe Coolant Pumps & Accessories 
PUREED TOR odesncccissrsscieoves © Fluid Flow Control 
Commercial Glass Variable Speed Belts 
Laminated Disk Filters Cellular Rubber Floats 
Taping mechanism, Edit. 142 Air & Hydraulic Valves ........... Hydraulic Tubing 


Television camera tube, Edit. 33 Pipe, Tubing & Fittings ............ Heavy Duty Relays 

T P Ils. Edit. 208 Reinforced Plastics Engine Transmissions 
Srmunes, wa Chain, Sprockets, Buckets Heat Resistant Castings 

Thermostats, Edit. 221; Adv. 46 Screw Locking Insert Screw Pumps 


Timers, Edit. 184; Adv. 202 Power Connectors Cold Forming Steel Bars 
Tips and techniques, Edit. 119, 131, 


136, 140, 151, 158, 162 ¥E IPMENT— descriptions start on page 184 
Titanium and alloys, Adv. 52, 183, 204 NEW PARTS & ENGINEERING EQU 


Toaster and oven, automatic, Edit. 144 
Torque converters, Edit. 208 Shoulder Screws Binding Posts 
: . Variable Autotransformers Liquid-Level Sensor 
Transformers, Edit. 184, 192; Adv. 39 Valve i Diaphragm Seals 
Transmissions, adjustable speed, Edit. Electric Timer Hydraulic Pump 
aa: Adv. 15 347 P F Hydraulic Cylinders Magnetic Components 
’ ? ’ Gearmotors Submersible Motors 
Tubing, Edit. 14, 216; Adv. 56, 71, Miniature Sine Switch Electrical Spaghetti 
103, 167, 197 Blind Rivets Gear Racks 
’ ’ Ball Bearing Potentiometers 
Miniature Transformers Zippered Tubing 
Indicating Light Differential Pressure Switch . 
Cap Nuts Control a's 
— — Gear Pump Plastic Coil Forms 
Universal joints, Adv. 181, 233 Miniature Read-Out Tube Miniature Pilot Light 
Large Induction Motors Speed Detector 
Bellows Thermal Switch 
Unitized Assembly Circuit Relief-Valve ee 
- : ‘ Control Valves Transmitter and Receiver 
Valves, Edit. 123, 184, 200, 218; Adv. Miniature Relay Fractional-Horsepower Motors 
51, 237, 243, 246 Diaphragm Shields Electromechanica! Counter 
hvdrauli ¢ Connectors ee Glass Epoxy Laminate 
y ulic, Adv. 248 . Magnetic Clutch Silicon Rectifier .... 
Vehicles, mechanics of, Edit. 147 Indicator Tube Stack-Switch Kit 
Ball and Socket Joint Pressure Pickup 
Flow-Blending Control Temperature Probes 
Silicone Rubbers Microwave Stability Tester 
Wing Nut Mounted Paper 
Wheels, Adv. 239 Torque Converter .........sceeseves Drafting Templates 


Wire and wire products, Adv. 206, 238 
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KAYDON 


l\ 


@_ Need ‘BEARINGS oe 











Two standard sizes 
available from stock 
— 500” _ 


| 


J a i 
Shaft 
Diameter Housing Bore 


1.0605" 1.3130 





























” 
| 
| 
| 


Housing Bore 
Diameter 1.5005" 


1.1875° 


| 


Illustration is 2-times actual size of needle bearing 1 

















You get these Kaydon design advantages: 


fi.] Greater effective length needie rollers for MORI CAPACITY (41% on 1,” width). 
LONGER LIFE (2.8 times as much on 1,” width) [2.] Simpiitied construction that SAVES 
you money [3.] Pre-packed lubrication that SAVES assembly time. 


These new thin-shell bearings were developed with the 
co-operation of the FORD MOTOR COMPANY for use in 
FORD-O-MATIC and MERC-O-MATIC automatic transmissions 


Kaydon’s new thin-shell needle bearing gives 
more of everything — more economy... 
more capacity ... plus longer life than any 
other comparable bearing. That’s because 
of Kaydon’s greater effective length of 
spherical end rollers. 


This new bearing is ready for you right 
now from stock in two standard sizes (illus- 
trated). Other sizes will be available later. 

For complete specifications, ask for Data 
Sheet No. K562 — write, call or wire Kay- 
don of Muskegon. 


THE K YON SN Gis 22 es ne _ €ORP. 


ssistelageanioees ———_-MUSKEGON-*MICHIGAN 
All types of ball and roller bearings — 4" inside diameter to 124” outside diameter... Taper Roller « Roller ¢ 
Roller Thrust ¢ Roller Radial ¢ Bi-Anguilar Roller ¢ Spherical Roller ¢ Needle Roller ¢ Ball Radial ¢ Ball Thrust Bearings 
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SPEEDS TO 120,000 RPM can be reached by the spin- 
dle of this new internal precision cylindrical grinder 
introduced by Aaron Machinery Co. Inc. 
speeds can be selected electrically for the grinding head 
and the workhead. Grinding table has uniform speed of 
stroke in stroke lengths from 0.004 to 43/, in. Infeed of 
the grinding wheel is automatic and adjustable from 
0.00002-in. per stroke. Accessories automate control 
of work spindle, longitudinal travel, cross-feed speed. 


Different 


DIGITAL POSITIONING, by Laboratory for Electron- 
ics Inc., enables automatic positioning by this drill press 
anywhere on a 1/64-in. grid in an area 8 by 16 in. Holes 
are drilled at the rate of one per second. Machine con- 
trol is punched tape. All dimensions are read from a 
common reference, thereby avoiding accumulated errors. 
System can be applied to other machines and a decimal 
grid of 0.001-in. can be specified. 





(Continued from Page 15) 
cause “the regenerator is inherent- 
ly self-cleaning and the exhaust 
gases are soot free.” 

“High speed rotating parts, com- 
pressor and turbines, have stood up 
well although the turbine engine 
has no air cleaners. The present 
life of combustion chamber liners 
appears to be less than desirable 
and work is continuing in this 
area.” 

Engine maintenance and spare 
parts problems will be simplified 
in commercial vehicles. 

The engineers admitted the prob- 
lem of manufacturing costs “still 
remains unresoived largely because 
engines of this type have not been 
built in quantity using automotive 
production techniques.” 

However, they said, a gas turbine 
engine consists mainly of simple 
castings and stampings that call for 
no new manufacturing methods. 
The exception is the fabrication of 
turbine wheels which “pose an ex- 
ceptionally difficult problem and 
will require special attention.” 

Substantial quantities of high- 
temperature alloys have been re- 
quired in the hot areas of the en- 
gine. These requirements, how- 
ever, will yield to development. 
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HIGHEST POWER SILICON 
TRANSISTOR—also the first com- 
mercial gaseous diffused-junction 
transistor—now enables high-tem- 
perature operation of high-power 
servo and audio output systems. In- 
troduced by Texas Instruments Inc., 
the unit has a rated power dissipa- 
tion of 37.5 w at 25 C and 15 w at 
100 C. Operating temperature limits 
are —65 C and 150 C. 





“Tt is reasonable to assume that 
production in quantity should 
bring manufacturing costs of the 
turbine engine to the same general 
level as that of high output piston 
engines, especially when the over- 
all installed power plant is con- 
sidered.” 

Experience indicates that the 
gas turbine should be an ideal en- 
gine for heavy-duty vehicles. 


Industrial Designers Cite 
Best 1957 Products, Creators 


Designs in Three Fields 
Tendered Equal Merit 


CHICAGO, ILL.— Design teams in 
the fields of transportation, elec- 
tronics and housewares have been 
named recipients of the 7th An- 
nual Design Awards sponsored by 
the Industrial Designers’ Institute. 
The awards are medals, all of equal 
merit, and constitute recognition 
for outstanding creative work in 
industry. 

The design teams honored this 
year are: 

Arthur N. Becvar and Robert 
W. Blee, “for their design of the 
General Electric Kitchen Center, 
a coordinated assembly of kitchen 
appliances, pre-wired and _ pre- 
plumbed for minimum installation 
time.” 

Virgil M. Exner, Henry T. King, 
H. T. Bannister, C. C. Voss, Carl 
Reynolds, and Robert Bingman, 
“for their establishment of a con- 
tinuity of design which reflects 
with distinction the spirit of the 
1957 Chrysler Corp. cars, while 
maintaining a separate design 
identity for each of the individual 
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LEADED 
STEELS 
LATEST 
INFORMATION 


New 16-page booklet presents latest 


information on basic characteristics, 
mechanical properties and workability 

of Aristoloy Leaded Steels. Test results 

are supported by complete data and 
charts. Also contains several pages of 
case histories based on manufacturers’ 
experience and documented by time study 
records, showing actual savings in reduced 
machining time and increased tool life. 


COPPERWELD STEEL COMPANY 


STEEL DIVISION 
4017 Mahoning Avenue «+ Warren, Ohio 


EXPORT: Copperweld Steel International Co. 
225 Broadway, New York 7, N.Y. 


Send me NEW booklet on leaded 





JUST OFF THE PRESS... Pebindl 
SEND FOR YOUR COPY TODAY! “~~ 


NAME... 
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ear divisions.” 

Carl W. Sundberg, Montgomery 
Ferar, R. W. Figgins, U. J. Pepin, 
H. F. Weber and Eliot Noyes, “for 
the design of the IBM Ramac, and 
for imparting an architectural 
quality which will integrate well 
with contemporary office design.” 


Solar Cells May Power 
Satellite Instruments 


Successfully Tested on ° 
Rocket 190 Miles Up . ee 

‘noe XN 
WASHINGTON, D.C.—Energy from 
the sun may power the instruments 
in the earth satellite, according to 
a recent announcement from the 
Dept. of Defense. Engineers at the 
Army Signal Corps Laboratories 
have found that solar batteries con- 
sisting of tiny silicon wafers may 


HELIX CAST IN STAINLESS, all in one piece, replaces similar built-up 
part made from carbon steel stock elements. Cast by Empire Steel Castings 
Inc., the screw is part of a vacuumized macaroni press by Clermont Machine 
Co. Stainless satisfied the need for cleanliness in a food machine. Casting 
method enabled design changes in the screw which enable higher process 
speeds, reduce product spoilage due to scorching. The screw is 60 in. long, 
6 in. in diam. Cored hole through shaft serves as cooling water channel. 





be the ideal power source. 
To test this theory, glass-pro- 


tected clusters of solar cells were 
attached to the skin of an Aerobee- 
Hi rocket. When the rocket was 
fired to an altitude of 190 miles— 
approximate satellite altitude— 
the batteries functioned perfectly. 


Interpretation of data telemetered 
back to the earth indicated that 
the cells provided continuous elec- 
trical output from the time of the 
firing until the rocket’s radio 
ceased functioning on re-entering 


dense atmosphere. 

Electrical output varied only 
slightly, depending on the batteries’ 
exposure to various degrees of di- 
rect or reflected sunlight. The cells 
were not affected by the high tem- 





LESS DIE CHANGE TIME is the result of this design 
for short-run production presses by Hamilton Div. of 
Baldwin-Lima-Hamilton Corp. Die and punch pairs 
are mounted on bolsters which slide into place through 
the sides of presses when dies are changed. Each press 
has two bolsters, motor driven and actuated independ- 
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ently or together from controls in the press base. To 
change a die, press is run to bottom of stroke, punch is 
freed from slide, slide is moved up, new bolster is run 
in while old is run out, slide is lowered to receive new 
punch, shut height is adjusted and new run begins. Op- 
eration take 1/4-hr, 75 per cent less time than before. 
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How to detect and 
measure flange bending 
in gasketed joints 











A surprisingly large percentage of gasket leaks is 
caused by almost undetectable bending or bowing that 
occurs between flange bolts, according to tests conducted 
at the Armstrong Research and Development Center. 

Obviously, bending is most likely to be found where 
flanges are light, where bolts are widely spaced, or where 
bolting pressure is high. But it can also occur in heavy 
flanges, where bolts are not properly spaced. 

Flange bending can cause leaks because it reduces the 
flange pressure on a gasket in the area midway between 
bolt holes and thus reduces gasket compression. Also, it 
may cause extrusion of the gasket near the bolts because 
of the concentrated pressure in these areas. 

There are three qualitative ways and one quantitative 
way that an engineer can determine if flange bending is 
takinz place. 


1) Pinpoint the leakage. If ieaks originate at center 
points between bolts, there’s good reason to believe 
that flange bending is the source of trouble. 

Look for localized extrusion. Extrusion near bolts— 
and not at midway points—indicates that flange 
bending is present. 

Check for varying gasket adhesion. Flange pressure 

is one of the factors causing gasket adhesion. Con- 

sequently, where pressure is greatest, greatest ad- 
hesion should occur. If upon opening a leaky joint 
the gasket is found to be sticking more around bolts 
than at center, flange bending probably is occurring. 
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LOWER PART OF FLANGE ASSEMBLY 





—J 


TO QUANTITATIVELY MEASURE FLANGE PRESSURE or 


gasket compression at any particular point, a simple yet 
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accurate “solder plug” test devised by Armstrong research 
engineers can be used. 

Drill several holes about 1/32 inch in diameter through 
thickness of gasket to be tested. Insert in these holes 
cylinders or plugs of soft solder. (Fig. 1) The plugs should 
be thick enough so that when the flanges compress the 
gasket, the plugs will also be compressed. Put gasket with 
solder plugs into flange and tighten bolts to desired torque 

















Open the flange and measure thickness of solder plugs. 
Each plug obviously will measure exactly the same as the 
compressed thickness of the gasket at the point where it 
was located. 

The extent of flange bending can be shown graphically 
by charting the solder plug thicknesses. (Fig. 2) If too 
much bending occurs, gasket will be overcompressed 
around bolts and undercompressed between bolts. 

The percentage of compression can be easily calculated 
by using the formula in Figure 2. With this information, 
it is possible to determine whether the gasket material is 
within its recommended range at specific locations on the 
flange. The load-compression curves for the gasket mate- 
rial in question may be used to estimate unit loads. But 
these are relative unit loads and not absolute values. In 
addition, picking unit loads from load compression curves 
is applicable only to the compressible gasket materials 
such as cork composition, 


SEND FOR 1957 EDITION OF “‘ARMSTRONG GASKET MATERIALS 


This 16-page booklet discusses the choice ee 
of proper gasket materials and describes 
Armstrong cork, cork-and-rubber, synthetic 
rubber, and fiber sheet materials. Included 
are government and SAE-ASTM specifica- 
tions. Look for this booklet in Sweet’s prod- 
uct design file. Or for a personal copy, 
write Armstrong Cork Company, Industrial 
Division, 7207 Dean St., Lancaster, Penna. 


(Armstrong 
GASKET MATERIALS 


... used wherever performance counts 


y 
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PEM 
WELD 


. FASTENERS 


\ 7 
Me ae 


——_—_ 


/ 


cut costs... 
speed assembly 


Now in steel and non-cor- 
rosive, non-magnetic stainless 
steel. Exclusive cost-cutting 
advantages include: 


1 Engineered projections. No burn 
outs on thin sheets. Simple elec- 
agele c-t-Wamh [om oii le)e-Mal-1-10l-1e m 


Self-ltocating, shank protects 
threads from weld splatter. No 
id=) e-felelial-4 


Round shape. No indexing. Com- 
pact for use on narrow flanges. 


. . 
S Ss 
GOYA: \ 


Write for literature and sam- 
ples for trial. Prove to your- 
self that PEM Weld Fasteners 
will speed your assembly and 
cut equipment and labor costs 
while doing a better fasten- 
ing job. Penn Engineering 
& Manufacturing Corp., 
Doylestown, Pa. 
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Prop-jets plus turbo-jets will 
power a new radar picket plane 
to be built for the Navy by Lock- 
heed Aircraft Corp. The new 
craft will resemble Lockheed’s 
1649A Starliner, but will carry 
powerful new search tracking ra- 
dar in a _ saucer-shaped radome 
atop the airplane’s fuselage. It 
will have a gross weight of approx. 
175,000 Ib. In addition to four 
Allison T-56 prop-jet engines, the 
W2V-1 will be equipped with two 
Westinghouse J-34 turbojets, at- 
tached in wingtip pods, which will 
provide supplementary power for 
cruising at higher altitudes. 


Televised test firings of rocket 
engines is a new procedure at 
Rocketdyne Division of North 
American Aviation. Cameras 
are shock-shielded on permanent 
mounts and remotely controlled 
from concrete recording centers 
located several hundred yards from 
the engine test stands. Mounted 
at 120-degree angles from the 
stands, the TV canieras monitor 
test firings at close focus. Use of 
Zoomar lenses allows engineers 
to watch for. propellant leaks 
or other possible malfunctions as 
the firing progresses. The en- 
gines are mounted on steel and 
concrete test stands built to with- 
stand 1 million lb of thrust. 


Advanced missile antennas and 
radar devices will be designed and 
tested in new facilities being built 
at Lockheed Aircraft Corp. They 
will aid studies in improving radio 
and radar transmission and recep- 
tion from extremely high altitudes 
and under severe operating con- 
ditions. Building plans include an 
anechoic chamber measuring 20 
by 70 ft, specially constructed to 
eliminate radio reflections during 





precision measurement of radio 
frequency signals, and a dielec- 
trometer room to be used for meas- 
urement of electromagnetic prop- 
erties of various metals. The build- 
ings and instrumentation have 
been designed for pushbutton, au- 
tomatic procedures. 

Research will be directed toward 
impedance and pattern measure- 
ments, determination of reflection 
characteristics of radar targets 
and enhancement devices, experi- 
mental studies of ionospheric and 
tropospheric propagation, meas- 
urements of radome transmission 
and reflection characteristics, and 
microwave measurements of spe- 
cial materials. 


e * 

High speed torpedo, its fire con- 
trol system, and related compo- 
nents will be developed for the 
Navy by Westinghouse Electric 
Corp. The weapon is to be capable 
of destroying submarines as well 
as surface vessels. 





New type of landing gear for 
heavy Air Force cargo planes with 
a gross weight to 100,000 lb, has 
been developed by Lockheed Air- 
craft Corp. Instead of the con- 
ventional arrangement, the new de- 
vice features two wheels, one in 
front of another, as on a bicycle. 
Mounted on each side of the air- 
craft, this tandem arrangement is 
claimed to offer the advantages 
of improved reliability, smaller 
concentration of weight on the 
runway and a narrower housing 
when the wheels are retracted. For 
military airplanes which may op- 
erate from hastily prepared fields 
with soft surface of dirt or sand, 
the tandem arrangement permits 
the second wheel to run in the 
tightly packed track of the first, 
thereby reducing friction. 








perature of skin friction as the 
rocket passed through the atmos- 
phere at more than a mile per sec- 
ond. 

The Navy has disclosed that 
tests on the suitability of solar cells 
for use as the primary power sup- 
ply within the satellite will be con- 
tinued during some of the early 
launchings. The tests will include 


long-time exposure to the environ- 
mental conditions existing at satel- 
lite altitudes. Solar cells are par- 
ticularly suited to satellite power 
supply because of their compara- 
tive light weight and long life. 
Solar cells attached to the satel- 
lite skin would supply instrument 
power during approximately 60 of 
each 100 minutes during which the 
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ee good sealing begins 


here, too! 


When the problem of sealing is a part of design thinking the whole design is bound to 
be better. This is espec ially true of no-leakage sealing. When your designs require sealing 
... from —400° to +1000°...why not call in one of our field men. One of the 


“O-seal” family®, may be the answer to save you time, money and effort 


* \ } 
©)... O-Seal family > 
lock-O-Seal 


Gask-O-Seal 


Sta ©- Seal ® O FRANKLIN C. WOLFE CO. 


Bolt-O-Seal 


Riv-O-Seal * A DIVISION OF PARKER APPLIANCE COMPANY 
Bonj-O-Seal . 


Termin-O-Seal ~ 
gy Culver City, California 
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HEAVY DUTY 


multiple circuit switch 
for machine tools 


ACRO “DUO-SNAP’”’ 
HIGH ELECTRICAL RATING—2 horsepower, 230 volts A.C./1 
horsepower, 115 volts A.C./ pilot duty, 20 amps, 250 volts A.C. 


LONG LIFE—Many millions of cycles mechanical life. Consult 
factory for maximum electrical life. 


SCREW TERMINALS— Easy installation. 


MULTIPLE CIRCUITS—Up to 4 separate circuits in one switch, 
permitting at least 6 circuit arrangements. 





AVAILABLE TYPES 
Circuit Arrangement No. of Terminals 
Four Circuits 2 Closed 8 

2 Open 
Double Circuit 1 Closed 4 
1 Open 
Double Circuit Normally 4 
Closed 
Double Circuit Normally 4 
Open 





Catalogue No. 
242-0004-03 





242-0005-03 
242-00 13-03 


242-00 14-03 

















The famous ACRO rolling spring principle assures positive 
snap action in this multiple circuit switch developed especially 
for rugged service in the machine tool industry. Get full 
information on it now. Write for the new ‘Duo-Snap” 
Switch Bulletin. 


Robedtshaw-Fubtow 


® CONTROLS COMPANY ” 
Ms. Contras 


ACRO DIVISION © Columbus 16, Ohio 
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vehicle is in the sun on each cir- 
cuit of the earth. The batteries 
also could charge small nickel-cad- 
mium batteries to provide electrici- 
ty during the remaining 40 min- 
utes that the satellite would be 
travelling in the earth’s shadow. 


Crystal-Ball Engineering 
Forecasts Needed Arms 


Weapon Systems Analysis 
Can Cue Designers 


BuFFALo, N. Y.— Continuous in- 
crease in the complexity and va- 
riety of modern weapons has 
brought into being a new technical 
specialty called Weapons System 
Research. Engineers in the new 
field have the job of second-gues- 
ing ahead of time on the develop- 
ment of new weapons and the crea- 
tion of defense systems. This kind 
of research is summarized by Rob- 
ert H. Shatz in a recent publication 
of the Cornell Aeronautical Labo- 
ratory. 

According to the summary, a 
weapons system analyst and an 
operations research analyst draw 
upon a common technical back- 
ground and have similar objec- 
tives, but the weapons specialist 
works more in the future. He 
“tries to answer questions related 
to future development require- 
ments and force structure.” 

“Systems analysts can assist the 
designer in three important areas: 
in the selection of weapons sys- 
tems characteristics, based on to- 
tal mission capability; in critical 
comparisons with competing sys- 
tems; and in program p'anning. 

“The systems analyst will be 
cold-blooded in assessing the mer- 
its of the home team’s inventions, 
and can help the design team’s 
management to establish sound 
goals which will stand up for long 
periods of time. In many cases the 
systems analyst will uncover why 
a particular weapons system is not 
satisfactory; thus the research and 
development effort needed for im- 
provement of the system can be 
planned more concretely. 

“Experience to date on results 
and how they stand up to the final 
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SMALLEST TURBOSHAFT AIR- 
CRAFT ENGINE ever built will 
power one-man helicopter. Weigh- 
ing 50 lb, the new gas turbine will 
produce 55 shp plus 12 Ib thrust on 
a hot 100 F day. Engine rotor spins 
at 57,600 rpm. Designed for Army 
and Navy by Solar Aircraft Co., the 
engine is 20 in. high, has maximum 
diameter of 151/, in. 





test of time has been mixed. How- 
ever, two things are quite clear. 
The attempts made by the analyst 
to provide quantitative answers to 
these difficult problems have been 
well worthwhile, and the answers 
have been better than those pro- 
vided by any other approach. 

“Current work in this field must 
be improved, and can be, by the 
establishment of general solutions 
to such basic problems as the effect 
of countermeasures on weapons 
systems performance, the effect of 
morale in military organizations, 
and the quantitative assessment of 
complex command-control system 
performance.” 


Bearing problems, such as those 
encountered with high speed, high 
load and high temperatures, are 
sought by the Continental Bearing 
Research Corp., 489 Fifth Ave., 
New York, N. Y. This company 
was formed recently to provide en- 
gineering development and manu- 
facturing in the field of bearings 
and lubrication. The firm’s stated 
objective is to analyze, design and 

(Continued on Page 32) 


July 11, 1957 


GRAY IRON 
CASTING 
CHARACTERISTICS 


If you are on the lookout for new ways and means to improve your 
products and save money, foo, investigate modern gray iron castings. 
Gray iron is not only the most economical! of all basic components, but 
recent developments in new gray irons and casting techniques are 
elevating their utility to new highs. Today they possess a combination 
of essential engineering properties that cannot normally be duplicated 
in more expensive competitive materials. Acquaint yourself with the 
present and future possibilities of modern, controlled gray irons. Be 
sure that gray iron is making its full contribution to your products. 
Write for the GIFS “Summary of Specifications” today. 


it’s time to design with 


GRAY IRON CASTINGS 


GRAY IRON FOUNDERS’ SOCIETY, INC. 
National City-East 6th Bldg. * Cleveland 14, Ohio 
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NOW! A Small Machine That Makes 

Big Prints ... New Model 300! 

It's only 46” wide, yet offers a full 30” printing width! This 
remarkable low-priced table top machine brings “inside” repro- 
duction within the means of the smallest department or firm, 
makes an ideal “extra” machine for large companies. Handles 
every type of reproduction job that bigger, costlier machines 
do. Operates on 115 volt A.C. 


Right Now Is the Time to 
New and Better Copyflex 


A 


NOW! A Faster, Easier-to-Use, 4 
Heavy-Volume Machine... Model 500! 


You'll turn out more work with less operator time and effort 
with this new, ultra-fast machine. It offers top mechanical speed 
of 40 f.p.m., 46” printing width, automatic separation, front or 
rear delivery, automatic stacking, and a host of other advanced 
features. Its 4,000-watt quartz lamp and synchronized exposure 
and developer units assure uniformly sharp, clear prints. 





Act Now to 

Save Time and 
Manpower, Meet 
Growing 
Production Boom 
Demands! 


Now is the time to take a good look at your 
older reproduction equipment. If it’s more 
than a few years old, chances are it’s costing 
you unnecessary time and money. It may 
well turn out to be a bottleneck in your 
efforts to meet growing production boom 
demands. 


Compare your equipment with the new, 
modern Bruning machines shown here. You 
should be getting the time and manpower 
savings offered by greater mechanical speeds, 
faster return of originals, automatic separa- 
tion, front or rear delivery! You should be 
benefiting by problem-free installation and 
operation—no exhaust venting, no plumbing 
or auxiliary equipment, no installation other 
than an electrical connection. 


If you’re not getting these important ad- 
vantages, then every day you delay getting 
new, modern Copyfiex is costing you time 
and money. Act now by mailing the coupon 
below. You'll be glad you did! 


MACHINE DESIGN 





NOW! The Speedy, Versatile Helper 

Your Big Machine Needs... New Model 110! 

When you need prints of such smaller size originals as specifica- 
tion sheets, check prints, and engineering changes, this handy 
table top machine turns them out in a jiffy without tying up your 
big machine. It saves you time, money, and inconvenience. It has 
a printing width of 11”. Makes 842 x 11 prints for less than 
1¢ each for materials. Operates on 115 volt A.C. 


Replace Old Equipment wi 
Reproduction Machines! 


NOWI!IA Space-Saving, Versatile 

Big-Volume Machine... ™Model 250! 
It takes less than a square yard of floor space, 
yet offers a printing width of 182” and a fast 
mechanical speed of 25 f.p.m. Automatic separa- 
tion and stacking, one-knob control, and an 
extra-large feed board simplify and speed 
operator's work. Operates on 220 volt A.C. 


NOW! A Budget-Priced, 
Heavy-Volume Machine... 
New Model 35! 

This low-cost machine gives you all the 
advantages of big volume savings 
and speed. It provides a full 46” 
printing width and up to 30 f.p.m. 
mechanical speed. One knob controls 
exposure and development, assures 
consistently top quality prints. Handles 
roll stock up to 42” wide quickly and 
efficiently. Operates on 220 volt A.C. 


Charles Bruning Company, Inc., Dept. 73-K F 
BRUNING 4700 Montrose Ave., Chicago 41, Illinois 
Please send me information on the Copyflex process 
Best Process! Best Machines! (% if | and the following machines: ssssssssSsSCSCS 
Best Selection of Materials! YY ay | oesee_ Pe zs 











Offices in 38 Cities of the U.S. and Canada Company. 
Address ; 


CHARLES BRUNING COMPANY, INC., CHICAGO 


In Canada: Charles Bruning Co. (Canada) Ltd., 105 Church St., Toronto 1, Ont. 


ll eee 
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Announcing New Standard 


DIXON Ai Josie’ 


© i fe 
SIMPLIFIES 
SMALL PARTS 
ASSEMBLY 
OPERATIONS | 


SN & et oy) 


AUTOMATICALLY GUIDES PARTS OF Yi.” TO 3” O.D. 
SIZE AT RATES UP TO 7200 PER HOUR 


& 


The new Dixon “Auto-Positioner” com- 
bines three standardized units — (1) Es- 
capement, (2) Automatic Positioner, and 
(3) Mounting Structure—-and now pro- 
vides an economical solution for automating 
small parts assembly operations. ‘‘Auto- 
Positioners” are easily arranged at single 
or multiple stations with fixtures, feeders, 
feed tracks, transfer or indexing tables. 
The positioner, properly tooled with a 
proven feeder, can place parts at rates up to 
7200 pieces per hour. Full electrical con- 
trols are included with provisions for auto- 
matic interlocking. 


FEATURES OF STANDARDIZED UNITS 


]-D1xon PARTS POSITIONER—a compact, self-contained air- 
operated automatic cycling unit with exclusive built-in sensing 
features. Automatically stops your machines when parts are 
missing or malformed. Handles parts of 46” up to 3” O.D. size. 
Engineered for mounting individual chuck jaws to suit varied 
requirements. Four standard models available with 1”, 2”, 3”, 
4” strokes. 


=DIxon PARTS ESCAPEMENT—Automatically releases single 
parts or in multiples at speeds up to 200 piece-parts per minute. 
Blank rear finger is easily shaped to suit piece-part. Standard 
models available for air, solenoid, or mechanical operation. 


Bu DIxon MACHINE STRUCTURE— includes rugged semi-steel col- 
umn with machined T-slots, sturdy base, and spacer blocks to 
suit varied locating and operating requirements. Compactly 
designed to fit in small space. Special support brackets available 
for feeders, work tables, etc. 





INDIVIDUAL UNITS OR ANY 
COMBINATION OF STANDARD 
COMPONENTS AVAILABLE 
FROM STOCK. TOOLED “AUTO- 
POSITIONERS” PROVIDED TO 
SUIT NEEDS. 


OOOO i-- 


May be located at adjacent sta- 
tions, only 3” apart for straight- 
line indexing, or on 12-station 
dial with a 5” fixture radius. 


WRITE FOR FREE DATA SHEETS 
New bulletins supply specifications 
and application data on standardized 
units now available from stock. 








INC. 


2310 - 23RD AVENUE @ ROCKFORD, ILLINOIS 


AUTOMATIC PARTS HANDLING AND ASSEMBLY EQUIPMENT 
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(Continued from Page 29) 
supply bearings in production or 
semiproduction quantities for spe- 
cific applications. Design studies 
are undertaken on a project or con- 
sulting basis. 

The company has designed bear- 
ings that operate with low-viscosity 
lubricants such as air and water 
in water pumps and gas turbines. 
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LOAD STABILIZER ATTACH- 
MENT designed by Raymond Cor- 
poration for use on their narrow 
aisle platform trucks, permits speedy, 
safe lateral movement of tall, un- 
stable loads. Flat pressure plate 
which contacts top of load is rub- 
ber faced and supported by a spring 
arrangement at each corner. Platform 
of truck elevates load until top of 
the load touches pressure plate. A 
limit switch automatically shuts off 
the lift pump when enough pressure 
is exerted against plate to hold the 
load securely. 








American Society for Testing 
Materials has elected Richard T. 
Kropf president for the forthcom- 
ing year. Mr. Kropf is vice presi- 
dent and director of research of 
Belding Heminway Co. Inc., New 
York, also directs the activities of 
the Industrial Thread Div., and 
serves as general manager of Beld- 
ing Corticelli Industries Inc. 

F. L. LaQue, vice president and 
manager of development and re- 
search for International Nickel Co. 
Inc., was elected ASTM vice presi- 
dent for a two-year term. 
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News Roundup 
Prejudice Keeping Girls | | | j k 
From Engineering Careers OW e 4 


VIBRATION) if 


PITTSBURGH, Pa.—Male advantage | | ue Ni 





Woman Engineer Claims 
Females Well Qualified 


- 


in basic engineering aptitude tests e2\ 
is just 3 to 2 over women, accord- Biel © as 43 fe 
ing to a 1956 report of U.S. Dept. aA e | V) V) eC aris Bi 

of Labor. Yet, of more than 120,- mee f i ee. 
000 women who received degrees in 


1956, only 62 were graduated in en- Cl ——— 

gineering. r - \ | eccon 
Putting these facts together, | waarmee . 

Emma C. Barth, turbine generator j /) 

engineer at Westinghouse Corp., 

states that “prejudices and misun- 

derstandings are keeping girls out 

of a profession labeled ag mas- 

culine.” 
According to Miss Barth, “basic 

requirements for engineering in- 

clude mental capacity, enjoyment 

of mathematics and science and 

the ability to visualize and make 

prompt decisions. None of these 

abilities pertain to sex.’”’ More im- 

portant, ‘an engineer must be able 

to handle people.” In this respect, 

Miss Barth suggests that women 

are better suited to engineering 

than men because they instinctively 

know more about dealing with 

people. 


Tendency among counselors in : * 7 i SOCKET CAP SCREWS 


engineering is to suggest women as 








pe : ‘ Here’s the best advice we can give you, the right 
aides and assistants to engineers. answer to the old problem of vibration. Blue Devil 
Miss Barth condemns offering this wae, =Sar-Lox Screws are available in a complete range 
type of work to girls with unusual ——ee ~§~=— of sizes from #6 to 1” for immediate delivery at 


records in mathematics and science. ALSO SAF-LOK SHOULDER your Blue Devil distributor. Sar-Lok is the only 
She suggests that the growing SCREWS AND FLAT HEAD Socket Screw on the market today that is abso- 
shortage of engineering manpower SOCKET SCREWS lutely vibration-proof; an exclusive development 


can be eased by womanpower if ial of Safety Socket Screw Company. 
° . é iree — 
industry and education make types give 
. you an ab of rccee? 
proper adjustments. solute seal I’m Your Blue Devil Distributor 
ol Gane. ...and we can give you the 
gas and ale story on this outstanding Blue Devil 
as well as product, one of a complete line 
oe vibration. of socket screws. We have them on 
Vidicon TV Camera Tube hand for immediate delivery. 
Registers Single Foot-Candle Srersert Call us today for any Blue Devil 


Socket Screw requirement. 














Harrison, N. J.—High effective 
sensitivity is the feature of a new ees 
ead € 

ji-in. vidicon camera tube recently Ka) = 
announced by RCA. [ 

The new tube can be operated we: a 

‘ s Flat Head Sock “Led-Lok”’ ocke ocke 

at signal-electrode voltages higher ail ot Canker ao. Socket Pipe Plugs } Screw Keys 
than those for any of RCA’s cur- er vectnis Screws ~ Cap Screws oad its 
rent models Operation at high MemberASMMA Sold Only Through Authorized Industrial Distributors 
voltages is made possible by the SAFETY SOCKET SCREW COMPANY 
6510 North Avondale Avenue + Chicago 371, Illinois 

Warehouses at: Los Angeles, San Francisco, Detroit, New Haven, Conn. 











tube’s uniform photosurface and 
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YOU CAN DEPEND ON 


SPHERCO 


BEARINGS & ROD ENDS 


Cutaway 
view of 
TRE Male 
Rod End 


Quality SPHERCO iia 
and Rod Ends are precision 
built for superior performance 
There are SPHERCO Bearings and Rod Ends for 


every application! There is a SPHERCO Engi- 
neer in your area tohelp you with your problems. 


ee ee 
* 


; 
yt SBG 
SERIES 


& | aeepatieen 


a 


BTS 
SERIES 
TR SERIES TRE SERIES 
you't Ul WANT FULL INFORMATION ON SPHERCO 


FEATURES . . . WRITE TODAY 
FOR THIS NEW CATALOG 


COMPANY 
ADDRESS 


CITY 


A PRODUCT OF 4 
nhsaadnn BEARING DIVISION 
STEPHENS-ADAMSON ‘MFG. CO. 


18 RIDGEWAY AVE. » AURORA, ILL. 
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its extremely uniform dark cur- 
rent. Effect of the high voltage 
is a substantial increase in effec- 
tive sensitivity. 

Tests have shown that the new 
tube can produce a picture having 
a good signal-to-noise ratio and 
fast response to moving objects 
with as little as one foot-candle of 
highlight illumination on its face- 
plate. 


ASME Announces 
New President, Secretary 


The American Society of Me- 
chanical Engineers has announced 
the nomination of James N. Landis 
as president for 1957-58. He will 
be installed during the society’s an- 
nual meeting in December. Mr. Lan- 
dis is vice president of Bechtel 
Corp., San Francisco. He has served 
as a chairman of both the San 


James N. Landis 


Francisco Section and the New 
York Metropolitan Section. 

Oscar B. Schier II has_ been 
named secretary-elect of ASME. He 
succeeds Clarence E. Davies, who 
will retire after 23 years as secre- 
tary. Mr. Schier joined ASME in 
1932 and has been a member of 
the staff for 11 years. 


Largest ball valves for high 
pressure and high temperature 
have been produced by Hydromat- 
ics Inc. Intended for use in sys- 
tems operating at pressures to 
2000 psi and temperatures to 225 


Metals Matters 


High-strength steel that can be 
heat treated to a strength of 285,- 
000 psi with sufficient ductility for 
structural applications has _ been 
developed by the National Bureau 
of Standards. The steel is made by 
normal melting and working proc- 
esses and should not be difficult to 
manufacture, according to NBS 


Mechanical ‘Prepertics 


Hardness (Rockwell re Pn wake wh ieee 46 ae 
Ultimate tensile strength (psi).... 285,000 
Yield strength (psi) .... occes 285,000 


Elongation, 1.4-in. gage- “length 
(per cent) ..... vovoevece ae 


Reduction in area (per cent) .......... 35 
Charpy (V-notch) impact strength: 

Room temperature (ft-lb) 

-40 F (ft-lb) 





Current research at Lukens Steel 
Co. is directed toward the pro- 
duction of titanium, zirconium, and 
the Hastelloys in the form of clad 
steel plates. Potential applications 
of these clad steels are extensive, 
some of them involving processes 
of a classified nature, according 
to the company. In general, zir- 
conium-clad would have a number 
of atomic applications, Hastelloy- 
clads could be utilized in various 
petrochemical processes, and ti- 
tanium-clads would be applicable 
in acid processes and for service 
involving chlorides. 


* e e@ 

First zirconium vessel produced 
commercially by any fabricator is 
said to be this two gallon kettle 
displayed at a recent atomic en- 
ergy exposition. Zirconium reac- 


tion vessels ranging up to 1000- 
gal capacity are in the planning 
stage, according to the Pfaudler 
Co., developers of this pilot plant 
model. 


MACHINE DESIGN 








New From Du Pont 


Cronaflex Engineering Reproduction Films 


TRADEMARK 


CRONAFLEX is a new line of photographic reproduction 
materials on Du Pont Cronar® polyester photographic film 
base. CRONAFLEX films are available in three types: 


1. DIRECT POSITIVE FILM for making sharp black-line 


positives directly from pencil or ink drawings. 


2. CONTACT FILM for negative “same-size” repro- 
duction of originals for use in producing accurate 


positive intermediates. 


3. PROJECTION FILM for use in cameras or enlargers 


to produce negative or positive copies. 


CRONAFLEX is unbelievably rugged, absorbs a min- 
imum amount of moisture and is the most dimensionally 
stable, tear-resistant reproduction film you can use. It resists 
kinking and will not shatter, tear, or become brittle with 


age. And, because CRONAFLEX dries so quickly, your 


intermediates can be ready for reproduction in 15 minutes 
or even less. 

For those who insist on quality reproduction—engineers, 
draftsmen, blueprinters, cartographers, architects, surveyors 
—CRONAFLEX will more than fill your needs for long- 
lasting intermediates and duplicate originals. For more 
information on these new films, fill in the coupon. 


E. |. du Pont de Nemours & Co. (Inc.) 

Photo Products Department, 2420-17 Nemours Building 
Wilmington 98, Delaware 

Please send me literature on CRONAFLEX. 





REC Us pat OFF 


Better Things for Better Living 
... through Chemistry 





DUPONT CRONAFLEX 
for Functional Photography 


Photography with a purpose . .. not an end in itself, but a means to an end. 
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GREATER 
HOLDING 


POWER at 
LESS COST 


with Setko 


LABBED HEAD 
Set Screws! 









( 


\ 
\ 









*~ 


(ected 





( 


@ Will Take 50% more 
torque, unique design 
resists damage. 


@ Costs Less than hexa- 
gon or fluted socket 
set screws. 


@ Fully threaded. 

. @®* 

@ NU-CUP or standard 
points available. 


@ Can be Automated 
with Setko’s Hopper 
Feeding method. 



























*U. S. Pat. 2,778,265 


Setko Slabbed Head Set Screws are real 
money savers. They costless than 
comparable hexagon or fluted socket 
set screws, yet they take greater tight- 
ening pressures ... Up to 50% more 
torque without damaging. 


Holding power can be even further 
increased when furnished with 
Setko’s own NU-CUP, the patented 
holding cup point that has a 42% 
sharper cuttitg angle. Cuts are 
deeper and in a full circle ... With 
the extra pressure that can be exerted 
on the Slabbed Head Set Screw, NU- 
CUP really digs in tight. 


Whether you drive them manually 
or with power ... And whether your 
needs are large or small, your costs 
will go down and holding power 
wili go up. 








When You Automate 


Experience has proven that insertion 
rates of Slabbed Head Set Screws 
can be greatly increased when 
Automated by Setko’s revolutionary 
Hopper Feeding System. 

WRITE TODAY for full informa- 
tion. . . and ask for Catalog 21 


which describes the complete Setko 
line of Set Screws. 


crevy 
& D4 fg.Co. 


28 Main Street, Bartlett, Iliinois 


Pat. No 2,638,945 
Other Patents Pending 





Circle 425 on page 19 
36 





LARGEST TIRE MOLD is claimed for this 10,000-lb iron mold half made 
by Engineered Castings Div. of American Brake Shoe Co. With mating half, 
mold forms tires 8 ft in diameter for off-road equipment. 





Pushbuttons and all other me- 
chanical aids to safety, comfort 
and convenience are being de- 
manded by 1957 car owners at 
a rate eclipsing all previous rec- 


ords, according to an owner sur- 
vey just completed by Dodge 


Div., Chrysler Corp. 


Here are 


figures on equipment purchased 
with new Dodge cars since 1954. 














Accessories 1954 1955 1956 1957* 
Power steering 14.4% 20.0% 25.4% 45.6% 
Power brakes 3.1 13.7 19.7 26.5 
Radio .. 38.6 48.2 53.4 56.4 
Heater 77.6 91.8 96.0 96.0 
Air conditioning 0.5 0.6 0.4 2.8 
Windshield washer 31.5 23.3 34.6 42.2 
Backup lights 56.6 68.0 64.1 88.3 
Glare-proof mirror 4.2 15.5 86.5 81.5 
Whitewall tires 48.4 58.7 65.1 82.0 
Automatic transmission 82.3 85.8 90.1 96.1 
You Cut Costs Way Down *Through May 





F, the 8-in. valves exhibit rapid 
response characteristics. They are 
capable of two full travel cycles 
per second or ten cycles per second 
through any one-tenth portion of 
a full stroke. The overall valve 
envelope is considerably smaller 
than any previous unit available 
for full-flow operation at pressures 
up to 2000 psi. 


AND EXPOSITIONS 


August 11-15— 
American Society of Mechanical 


Engineers. 


Heat Transfer Confer- 


ence to be held at the Pennsylvania 
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Every year more and more 
users of gears who demand 

the highest quality are turning 

to ILLINOIS GEAR to meet the 
exacting needs for this very 
important part of their equipment 


or machinery. 


They have come to know and depend 

on ILLINOIS GEAR — a company with 

a rich heritage in the manufacture of 
quality gears . . . from whose modern 
plants come the most complete line of 


gears in the world! 


If you use, specify or buy gears for any 
purpose — look to ILLINOIS GEAR as your 
most complete and dependable source. oi 





Look for this mark GLE> the symbol on finer gears 


TE ie A 
ILLINOIS GEAR & MACHINE COMPANY 


2108 NORTH NATCHEZ AVENUE + CHICAGO 35, ILLINOIS 
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SPARTA 


with our 
PATENTED PROCESS 


for 
Custem Molding 
in thin sec- 
tions and 
shapes 


NAMES MEAN 


A LOT-TOO! 





* 
TEFLON 
” with 
properties 
unmatched by 


any other material— 


® simplifies new product 
designs 


© helps solve old problems. 


REMEMBER! if you want a custom 
molded part of Teflon that will work 
under severe service conditions and 
hold required tolerances . . . SPARTA’S 
patented process (No. 2,781,552) is 
your ONLY answer. 


@ Trained Fluoro- 
carbon Engi- 
neers to assist 
you. 


@ Modern manu- 
facturing 
methods for 
precision and 
quality. 





WHEN YOU THINK OF TEFLON— 
. . THINK OF SPARTA! 


We carry a complete stock of 
all standard Teflon products. 


com 

E for ices, | THE FIRST 
A Prand) «= COST: CAN 
BE THE 
LEAST... . 
IF IT IS THE 


LAST COST. 





*DuPont’s tetrafluoroethylene resin. 


SPARTA MANUFACTURING CO. 


Bivision of United States Ceramic Tile Co. 


PHONE 4-2380 


DOVER, OHIO 





WESTERN DISTRICT OFFICE 
Phone: ANGELUS 3-6359 .Los Angeles, California 
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State University, University Park, 
Pa. Additional information can 
be obtained from society headquar- 
ters, 29 W. 39th St., New York 
18, N.Y. 


August 12-15— 

Society of Automotive Engineers 
Inc. West Coast Meeting to be held 
at the Olympic Hotel, Seattle. Fur- 
ther information is available from 
society headquarters, 485 Lexing- 
ton Ave., New York 17, N.Y. 


August 20-23— 

Western Electronic Show and 
Convention to be held at the Cow 
Palace, San Francisco. Additional 
information can be obtained from 
Wescon headquarters, 342 N. La 
Brea, Los Angeles 36, Calif. 


August 26-28— 

Gas Dynamics Symposium to be 
held at the Technological Institute 
of Northwestern University. Spon- 
sors are the American Rocket So- 
ciety and the university. Further 
information can be obtained from 
Dr. Ali Bulent Cambel, Gas Dy- 
namics Laboratory, Northwestern 
University, Evanston, II. 


August 28-30— 

American Institute of Electrical 
Engineers. Pacific General Meet- 
ing to be held in Pasco, Wash. Ad- 
ditional information can be ob- 
tained from AIEE headquarters, 33 
W. 39th St., New York 18, N.Y. 


Sept. 4-6— 
American Institute of Electrical 
Engineers. Magnetic Amplifiers 


Conference to be held at the Penn- 
Sheraton Hotel, Pittsburgh. Fur- 
ther information is available from 
institute headquarters, 33 W. 39th 
St., New York 18, N.Y. 


Sept. 9-11— 

American Institute of Electrical 
Engineers. Petroleum conference 
to be held at the Penn-Sheraton 
Hotel, Philadelphia. Further infor- 
mation can be obtained from AIEFE 
headquarters, 33 W. 39th St., New 
York 18, N.Y. 


Sept. 9-12— 

Society of Automotive Engineers 
Inc. Tractor Meeting and Produc- 
tion Forum to be held at Hotel 








Schroeder, Milwaukee. Additional 
information is available from soci- 
ety headquarters, 485 Lexington 
Ave., New York 17, N.Y. 


Sept. 9-18— 

Instrument Society of America. 
12th Annual Instrument-Automa- 
tion Conference and Exhibit to be 
held in the Public Auditorium, 
Cleveland. Further information 
can be obtained from Herbert S. 
Kindler, Director of Technical Pro- 
grams, ISA, 313 Sixth Ave., Pitts- 
burgh 22, Pa. 


Sept. 17-20— 

American Die Casting Institute. 
Annual Meeting to be held at the 
Edgewater Beach Hotel, Chicago. 
Additional information is available 
from institute headquarters, 366 
Madison Ave., New York 17, N.Y. 


Sept. 23-25— 

American Society of Mechanical 
Engineers. Fall Meeting to be held 
at Hotel Statler, Hartford, Conn. 
Further information is available 
from ASME headquarters, 29 W. 
39th St., New York 18, N. Y. 


Sept. 24-25— 

Sixth Annual Industrial Elec- 
tronics Symposium to be held at 
the Morrison Hotel, Chicago. 
Sponsors are the Institute of Radio 
Engineers and the American In- 
stitute of Electrical Engineers. 
Further information can be ob- 
tained from H. L. Garbarino, 
Armour Institute of Technology, 10 
W. 35th St., Chicago 16, Ill. 


Oct. 1-5— 

Society of Automotive Engineers 
Ine. Aeronautic Meeting, Aircraft 
Production Forum and Aircraft 
Engineering Display to be held at 
the Ambassador Hotel, Los Ange- 
les. Further information is avail- 
able from SAE headquarters, 485 
Lexington Ave., New York 17, N.Y. 


Oct. 14-15— 

Fourth Conference on Mecha- 
nisms to be held at Purdue Uni- 
versity, West Lafayette, Ind. Spon- 
sors are the Purdue School of Me- 
chanical Engineering and MACHINE 
DesIcn. Additional information can 
be obtained from the _ Editor, 
MACHINE DESIGN, Penton Bidg., 
Cleveland 13, O. 
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MACHINE TOOL DESIGNERS: 


Westinghouse components and services 
will help you pioneer the greatest 
machine tool developments in history! 





wt 

















you CAN BE SURE...iF ITS 


_ Westinghouse 


MP-3050-1 
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NEW DEVELOPMENTS FROM WESTINGHOUSE .. . 


Improve drive and control functions 
on your new machine tools 


Eighty light-load reversals per min- 
ute and no overheating ... with 
Westinghouse Life-Line® ‘‘A”’ 
motors. Reliable performance under 
severe duty cycles lets you plan 
greater versatility for machine tools. 


HP agree ® 
esr epucust 





Just 38 Westinghouse Oil-Tite* pushbutton compenents 
. . Standardized, interchangeable, always available from 
offer up to 1,500,000 pushbutton control 


stock... 


arrangements—cut space, inventory needs. 


Cushioned start of connected load is 
assured by Westinghouse magnetic 
reduced-voltage starters. Add-A- 
Part feature provides flexibility for 
design and future change-over. 





*Trade-Mark 


Cypak control has no moving parts 
to wear, corrode or jam. Service life 
is 15 times that of mechanical relays, 
maintenance and down time virtual- 
ly eliminated. Cypak systems are 
compact, light, easy to modify. 


Westinghouse machine tool transformers take one-third 
less space, exceed NEMA regulation standards by 30%. 
Add-A-Part fuse blocks and breakers extend design 
selection, reduce transformer inventories. 


MACHINE DESIGN 
























The growing trend to faster specialized machine tools 
with more automatic operation makes design of com- 
pact, dependable drive and control systems for your 
products more vital than ever. Westinghouse has 
recently contributed many significant electrical de- 
velopments to machinery builders that promise 
great strides in machine tool progress. 

For example, there’s Cypak*, a revolutionary 
development of Westinghouse research for reliable 
electrical control for machine operations, processes, 
and coordinated handling of materials. Jt has no 
moving parts to wear, corrode or jam .. . assuring 
long life and dependability. 


YOU CAN BE SURE...iF ts Westinghouse Wi 





Contactless limit switches, industrial electronic 
components unsurpassed in performance, improved- 
design motors, and numerous other product 
refinements and innovations point to Westinghouse 
as the electric components supplier for your 
machine tools. 

Developments like these will help you design and 
build machine tools that better satisfy your custom- 
ers through increased productivity, reduced inspec- 
tion and maintenance, and more precise operation. 
Whatever the function you want performed... 
sensing, transmitting, recording, computing, control, 
or driving... think of Westinghouse components first. 


*Trade-Mark 
MP-3050-2 


AOSD 


> 


—— 








Versatility of Westinghouse AV 
Drive pays off in applications like 
this heavy-duty, 14-foot boring mill. 
Package drive provides on-the-spot 
conversion of a-c power supply to 
@ d-c for precise speed control over a 
wide, adjustable speed range. 
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Westinghouse service and facilities 
back up product performance 


Your local Westinghouse representative should be a 
member of your machine design team. He is trained 
to give you the full benefit of Westinghouse engineer- 
ing and development information in analyzing your 
machinery electrification problems. 

Westinghouse facilities are located in industrial 
centers from coast to coast. Westinghouse research 
... field engineering service .. . local manufacturing 
and repair plants . .. renewal parts stocks... 
all have been established to benefit you and 
your customers. 

The Machine Tool Electrification Forum, spon- 


Westinghouse serves these 0. E. M. industries 


e Air conditioning 

e Appliance 

e Communications—electronic 
e Electric apparatus 

e Fan and blower 

e Machine tool 

e Materials handling 

e Panelboard and switchboard 
e Prime mover equipment 

e Pump and compressor 

e Miscellaneous machinery 


you CAN BE SURE...iF its Westinghouse Wi 
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sored annually by Westinghouse during the past 21 
years, is an example of Westinghouse participation 
and cooperation with the machine tool industry. 
New ideas fostered and exchanged at such meetings 
help speed machine tool advances. 

When you specify components, choose Westing- 
house and be sure. You get one-supplier responsi- 
bility for products of outstanding quality, backed by 
more than 70 years of electrical experience. And, 
Westinghouse components help sell your products. 
Westinghouse Electric Corporation, 3 Gateway 
Center, P. O. Box 868, Pittsburgh 30, Pa. 


MP-3050-3 






. . . With these components 


e Motors—gearmotors 

e Adjustable-speed drives 

e Gearing 

¢ Controls—relays—circuit breakers 

e Semiconductors 

e Cypak 

e Magamp* magnetic amplifiers—rectifiers 
e Heating elements—thermostats 

e Transformers 

e Instruments 


¢e DYNAC® magnetic braking sao 
‘Trade-Mar 


SLT 
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Helpful Data from 


DE LAVAL 





How to Calculate 
Worm Gear 


Bearing Loads 


= HP x 63025 = TOROUE INPUT to worm, lbs. inches; HP = horse- 
N 
; power transmitted and N = rev. per min. of worm 
P= 2 = TANGENTIAL FORCE of worm, where 
1 
r; = Pitch radius of worm in inches 
[r2 = Pitch radius of worm gear 
=5 (number of teeth in gear x axial worm pitch)] 
S = Eten a SEPARATING FORCE, where 
tan y 


a = Axial tooth pressure angle* 
y = Helix or lead angle of worm* 











1 lea , Number of threads x axial worm pitch 
= tan- > or tan- , 
2xr, 2ar, 
P . ' ae 
a ee WORM THRUST, or tangent force driving worm gear 
y : 


* LEAD ANGLE 0°-35° use 274%4° Pressure Angle 
LEAD ANGLE 35°-45° use 30° Pressure Angle 


BEARING LOADS 





(Advertisement) 
































Due to on Brg. I on Brg. II 
a b 
, —_— es ld 
b 
S $s = S; S a+b = Su 
T tT U: To = Un =U 
— VP}? + (S: — U;)? VP? + (Su + Un)? = Rn 
Thrust Load si 
Total Load VP;? + (S; — U)? VRi + T? 
Due to on Brg. III on Brg. IV 
P ey = Uin r - “i > th Uy = Um 
d Cc 
: =S ——~ = Sw 
e+d - "ore 
d c 
T o+d = Tin ge one = Tiy 
Total Rad. 
Load VTi? + (Urn — Si)? VTw?+ (Si + Uy)? = Rev 


Thrust Load 


Total Load 


P 





Speed Change 





VTi? + (Unt — Su)? 


VR? + PE 


Number of threads in worm 





Gear rpm = Nx 


Number of teeth in gear 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Reproduced by courtesy of 
New Deporture Division 
Genera! Motors Corporation 


For simplicity in bearing 
load computations for worm 
gearing, the normal tooth 
force E is treated in terms 
of its three perper dicular 
elements, namely, :’, the 
tangential driving force at 
pitch radius of worm; S, 
the force tending to separate 
worm from the gear, due to 
the pressure angle; and T, 
the thrust produced by 

the lead or helix angle of 
the worm. 


If you have a problem 
in the selection or 
application of worm gear- 
ing, De Laval engineers 
will be glad to put their 
experience to work for 
you. Either write us 
giving complete details, 
or consult your local 

De Laval representative. 
De Laval Steam 

Turbine Company, 

858 Nottingham Way, 
Trenton 2, New Jersey 








SHIPBOARD 
MOTORS 


MARINE 


DUTY 


These Peerless motors meet all critical 
marine codes. Spray-tight Service “A” 
units withstand tremendous shock, high 
vibration levels and great temperature 
changes. To remove one costs almost as 
much as a new motor. They must be 
flawless. 

The Peerless Marine Duty Motor is 
available in drip-proof, splash-proof, to- 


tally enclosed, spray-tight and water-tight 


SPRAY-TIGHT SERVICE “A” 


Dou 


construction from 1/2 HP to 30 HP. 
Both Motors meet specifications of 
ABS, Mil-M-17413 (DC), Mil-M-17060-A 
(AC), AIEE 45 and U. S. Coast Guard. 
With standard or special mountings and 
features, they serve aboard vessels through- 
out the world. Give us your shipboard 
motor problem. We'll work with your 
engineers to produce the one motor that 


serves your needs best. 


ELECTRIC MOTOR DIVISION 


tHe Peerless. Electric company 


FANS - BLOWERS - MOTORS - ELECTRONIC EQUIPMENT 
1520 W. MARKET ST. . WARREN, OHIO 
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FROM GENERAL ELECTRIC 











TRI, CLAD MOTORS 
NOW UP TO 125 HP ) 
GENERAL €@ ELECTRIC 











compact... power-packed 


Vv 


General Electric 7&/ })) CLAD 


NOW UP 





] 


| 
| 
DESIGNED, BUILT AND TESTED FOR | 












ao 


FULLY PROTECTED by cast-iron enclosures, Tri- MYLAR* slot insulation, Formex® wire, non- IMPROVED ROTORS are solid cast of pure aluminum 
Clad ‘55' motors handle many jobs where wicking Geoprene® leads and Dri-Film® sili- for greater strength, higher conductivity. Rotor bars 
ordinary dripproof motors cannot be applied. cone coating increase stator life up to 50%. are insulated from core to improve motor efficiency. 





*Registered Trade-mark Dupont Co 


GENERAL @ ELECTRIC- 











Motors in New NEMA Ratings 





A 
wV 


ie) 











BEARING SYSTEM uses over-size ball PERMA-NUMBERED LEADS and roomy conduit GENERAL ELECTRIC Tri-Clad ‘55' motors must pass a series of 
bearings, synthesized grease, long, box facilitate motor hook-up. Knock-off lugs sound, vibration and hi-potential tests prior to shipment. Rigid 
close-running seals to extend motor life. speed end shield removal for motor inspection. tests assure uniform high-quality, and long-life performance 





give you top performance. Here's why... 





compact...power-packed 


Only G-E TRI CLAD motors give you 
head benefits 


CAST-IRON FRAME, end shields and 
conduit box resist corrosion ... pro- 
vide greater rigidity and strength. 


all these years-a 


FORMEX® magnet wire pro- 
vides extra protection against 
heat shock, heat aging, and 
full-voltage starting stress. 


STATOR PUNCHINGS have 8 to 
16 continuous machine-made 
welds for greater strength. Pre- 
wound stators are Dri-Film® sili- 
cone-treated to resist moisture. 


PERMA-NUMBERED LEADS provide positive identification 


MYLAR* polyester film slot 
insulation gives up to 8 times 
more protection than conven- 
tional Class A_ insulations. 


MODERN BEARING system uti- 
lizes revolutionary new greases, 
close-running seals and oversize 
bearings, allowing even 125- 
hp motors to be V-belt driven. 


SOLID CAST ROTOR is stronger, 
more efficient. Rotor utilizes virgin 
aluminum windings for maximum 


even when taped, or if terminals have been clipped. *Registered Trade-mork Dupont Co conductivity, better performance. 


Vel mete). |.) @ ae men poke) a.) wurel,| 


Section 891-3 
GENERAL ELECTRIC COMPANY 
Schenectady 5, New York 


Please send me the following publications: 


(-] FREE BULLETIN (GEA-6602) describing the many advanced features of new 
Tri-Clad ‘55’ motors up to 125-hp. 


([] FREE SLIDE RULE (GEN-148) to determine weight and space-saving benefits 
of new Tri-Clad ‘55' motors. 


NAME 
ee 
COMPANY 
ADDRESS _ 
CITY & STATE 


FOR COMPLETE DETAILS on the new line of 
Tri-Clad ‘55’ motors up to 125 hp, contact your 
local G-E motor distributor or the motor spe- 
cialist at your nearby General Electric Appa- 
ratus Sales Office. They will give you expert 
assistance in selecting and applying the right 
motor for your particular application. 


For free slide rule to determine weight and 
space-saving benefits of the new motor, and 
for informative General Electric Tri-Clad ‘55’ 
motor bulletin, please send attached coupon. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





See what adhesives are doing today! 


Coimagg gH 
" 


on ie 


A MODERN FASTENER SPEEDS THIS ASSEMBLY LINE. IT NEEDS NO HOLES, 


baits ee ss a 
BONDS PARTS INSTANTLY. 


IT'S 3M ADHESIVE EC-1357. 


Simplifying the assembly line 


third positions the boards on the 
frames. They pass under a pressure 
roller and the bond is complete. 
There are no extra fastening steps. 


A 3M adhesive is helping to create 50 
shelves per hour right before your 
eyes. By bonding parts instantly, 
EC-1357 simplifies this assembly line 


j as ations. er 
to just four fast operations Instantly EC-1357 bonds board to frame 


One worker puts metal frames and so strongly that the fiberboard will 
fiberboard sheets on a conveyor mov- delaminate if you try to remove it. 
ing 9 feet per minute. Thesecond sprays A fourth man installs molding. The 
EC-1357 on both as they pass by. The shelves are ready to ship immediately. 


sy, 417 PIQUETTE AVE., DETROIT 2, MICH. @ GENERAL SALES OFF 
‘ MAKERS OF “SCOTCH” BRAND PRESSURE - SENSITIVE 


RASIVE PAPER AND CLOTH e “ as HESIVES AN 
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Hundreds of other 3M adhesives serve 
industry in a thousand varied uses. 
SEE WHAT ADHESIVES CAN DO FOR YOU! 
Learn how 3M research can speed your 
production, cut your costs. Consult 
your 3M Field Engineer. For a free 
booklet and more informa- fmoae) 
tion write: 3M, Dept. 107.417 
Piquette, Detroit 2, Michigan. researcs | 


ONT 
@ “SCOTCHLITE” BRAND 


NULES @ “3M" CHEMICALS 
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FENWAL'S THERMOSTATS 
NOW CIGARETTE SIZE 


Some Units Smaller Still 





Take Litthe More Room Than Sugar Lump 


ASHLAND, MASS. 


to control temperatures in tight spots, 


If you want 


you should see Fenwal. Fenwal has 
cut the size of thermostats way down. 

You can fit one of their Midget 
THERMOSWITCH units 
cigarette will fit. And, if you’re work- 


anywhere a 


ing with even less space, one of their 
Miniature THERMOSWITCH units is 
what you’re looking for. The Minia- 
tures are little bigger than a lump of 
sugar, and some are even smaller. 

The Midgets and Miniatures use 
the same unique principle used in 
Fenwal’s bigger THERMOSWITCH con- 
trols. ‘i ‘se it with the same high 
degree of success. 

The principle of all Differential Ex- 
pansion THERMOSWITCH units, large 
or small, is this: a single metal shell 
expands or contracts with tempera- 
ture changes, making or breaking 
totally enclosed electrical contacts. 

The smallness of the Midget and 
Miniature units does not 
them of any of the performance char- 
acteristics that have made larger 
THERMOSWITCH units famous. They 


deprive 


have THERMOSWITCH ruggedness, 
THERMOSWITCH accuracy, and reason- 
able THERMOSWITCH prices. 
Temperature range of the Midget 
series: — 50°F to 500°F. Range of the 
still smaller Miniature series: — 20°F 
to 275 F. 
Midgets and 


stainless steel, come in a variety of 


Miniatures, all in 


mountings. Hermetic sealing is also 
available. 

These Fenwal THERMOSWITCH units 
are precision-engineered to give op- 
timum control with 
minimum-sized devices. They remain 


temperature 


46 


THERMOSTATS FOR TIGHT SPOTS 
Miniature THERMOSWITCH unit 





A Fenwal Midget THERMOSWITCH® unit and a Fenwal 
two good answers to the question, ‘‘How can you in- 


stall an accurate, reliable thermostat where there’s almost no room?” Actual sizes of 


these particular models j 


accurate under the most severe op- 
erating conditions. 

You should have details on this ad- 
vance in temperature control at your 
fingertips. Write for information to 
Fenwal Incorporated, 198 Pleasant 
Street, Ashland, Massachusetts. 
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¢” x 2254” for the Midget; 1” x 14” for the Miniature. 


CONTROLS TEMPERATURE 
-oo PRECISELY 
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This Aetna Adapter inexpensive, 
comes in ac J: ac OE. Unit oe 07) 
and talk about easy ins! ~ 


IT’S AS SIMPLE 
AS THIS: 


Drill (or punch) 3 bolt holes in 
shaft supporting member. 


Place Adapter unit in position, 
insert bolts and tighten nuts. 


Ns 


Install shaft, twist locking collar, 
tighten set screws. 


And there you have it— 


—all the advantages of ball bearing 
efficiency adapted to your current or 
projected equipment designs with 
minimum, or no engineering altera- 
tions. 


AETNA BALL. Al N 


DIVISION OF PARKERSBU 


ee 
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COMPRESSED AIR 


from a portable or built-in unit 


Odk- 


No more oil-spoiled work! Here is a com- 
pressor which doesn’t require lubrication 
of any kind—eliminates an oil separator, 
ends expensive lubrication maintenance! 
Whether your need is for a portable or 
built-in source of compressed air, the 
compact, lightweight B&G Oil-less 
Compressor assures cleaner, cooler, drier 
air and smoother operation. 


Specially designed motors. Built by 
B&G—noted for dependability. Ball bear- 
ings are permanently grease packed. 

Graphite piston rings and skirts. Made of 
a special composition which does not 
need lubrication. Operate for years with- 
out destroying the mirror-finish of the 
cylinder walls. Piston ring joints are self- 
sealing—reduce blow-by to a minimum. 


Dry valve construction. Inlet and exhaust 
valves are positive-sealing without pres- 
ence of oil. Precision lapped—self-clean- 
ing—no rubbing parts. 

Safety valve. (Not visible.) Provides con- 
stant bleed-offat maximum pressure. Also 
acts as automatic moisture drain. 


Bi-metal cylinder head. Deep-finned 
aluminum head transfers heat faster. It 
is cast around the cast iron cylinder, 
making a leak-proof shrink-fit...no gas- 
ket needed. 


12x» 
“TO 4%" 16 
NG 


Blast cooled. The fan blasts great vol- 


umes of air over the pulsation chamber, @) Combined aftercooler, pulsation cham- 


connecting rods, bearings, cylinders and 
motor. Low temperature operation assures 
higher efficiency, longer life. 


ber, moisture separator. Cooler, drier air 
is delivered at smooth, uniform pressure 
because of this integrated design. 


For complete information on B&G Oil-less Compressors and Vacuum Pumps, send for Catalog GO-1156 


B&G Compressor 
built into dry cleaning machine 


B&G “Duplex Unit” mounted 
on horizontal tank 


Cart mounted 
B&G Air Compressor 


New type air stapler with air 
supplied by B&G Compressor 


l-€eas AiR COMPRESSORS 


BELL & GOSSETT 


COMPAN Y 
Dept. EW67, Morton Grove, Illinois 


MAKERS OF HEATING AND 
COOLING SPECIALTIES, 
PUMPS, HEAT EXCHANGERS 


’ 
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How three manufacturers use 
Anaconda superfine-grain alloys 


makes swivel lamps swivel better 


Berger Machine Products of Maspeth, New York, manu- 
facturers of lighting-fixture parts, had a problem with a 
swivel fixture. To allow adjustment of the reflector, the two 
steel parts (illustrated) have to rotate 350 degrees. Steel- 
on-steel froze and locked. A brass ring bushing helped, but 
being soft allowed the steel to cut in and bind. Berger tried 
Duraflex, Anaconda’s superfine-grain phosphor bronze, and 
found the answer. Its springiness, hardness and wear-re- 
sistance made a snug fit which turned easily and would 
hold in any position. 


FORMBRITE® helps finish phone locks faster 


Tele-Lock, an ingenious device for locking a dial phone, is 
encased in a chromium-plated brass cup. Slaymaker Lock 
Co., Lancaster, Pa., was using ordinary drawing brass for 
this cup and found finishing costs high. They turned to 
Formbrite, Anaconda’s superfine-grain forming brass. The 
cups were easy to form; the slight extra spring and hardness 
made the fit perfect. The smooth surface of Formbrite 
eliminated one polishing operation and provided an ideal 
surface for a lasting chromium plate. 


makes superior contacts for Touch-Plate® 


Touch-Plate Mfg. Corp., Long Beach, Calif., makes low- 
voltage switch systems for control of lighting in the home. 
It takes only a flick of the finger or elbow on the momen- 
tary contact switches to actuate a relay, or set of relays, 
which turns lights on or off in one room or through the 
house. For the contact strips in Touch-Plate wall switches 
they now use Duraflex, Anaconda’s superfine-grain phos- 
phor bronze, because they found it has more spring, better 
recovery properties. Duraflex is now used also for contacts 
in the relays which operate the Touch-Plate system. 


FOR iNFORMATION WRITE: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass Ltd., New 
Toronto, Ont. anne 


6764 


FORMBRITE 


The new superfine-grain phosphor bronze with greater endurance limit. The new superfine-grain drawing brass that cuts finishing costs, 


® 


PRODUCTS 


MADE BY THE AMERICAN BRASS COMPANY 
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Compiled Entirely to Serve 
Specifier’s Needs 


You’ll quickly see this is not just the 
usual reference catalog that tells you 
what you can have. Instead, this 
new, modern edition shows and tells 
you how to get the oil seal you need 
—and how to insure effective per- 
formance. 


60-page working guide 


Here you will find all essential data 
for modern oil seal specification pro- 
cedure—much of it in useful form 


A, 
Ee 





Victoprene 


= (IL SEALS, 


DESIGN AND ses 


Table of Contents 


Research and Development 

General Product Description 

S.A.E. Nomenclature 

Metal-Encased Oil Seal Designs 
One-Piece Molded Oil Seal Designs 
Split Seal Designs 

Victor Production Facilities 

Victoprene Compounds 

Synthetic Rubber Elastomers Chart 
Applied Sealology 

Peripheral Speeds Chart 

O.D. Press Fit Chart 

Application Design Features 

Installation Data 

Oil ©°>l Application Index 

Seal sizes and Types—by Shaft Diameter 
Seal Sizes and Types—by Numerical Listing 
Metal-Encased Felt Seal Listing 


INGE 4 


for the first time in any catalog. 
Every section in the contents table 
offers valuable help toward better 
shaft sealing. 


Note 2 outstanding features: 


All sizes and types of Victor de- 
signs are grouped by shaft 
diameter—the primary consid- 
eration. A cross section of each 
design is immediately adjacent 
for quick reference. 


Specific recommendations are 
given on design adaptability in 


OIL SEAL ENGINEERING | 
CATALOG No. 305 


relation to pressure, tempera- 
ture, and shaft speed conditions. 


Your copy sent on request 


The more you use this catalog, the 
more you will be impressed with the 
fact of Victor’s pre-eminence in the 
quality oil seal field, both in meet- 
ing your standard as well as custom 
requirements. 


Victor Mfg. & Gasket Co., P. O. 
Box 1333, Chicago 90, Ill. In Can- 
ada: Victor Mfg. & Gasket Co. of 
Canada Limited, St. Thomas, Ont 


WECTON 


Sealing Products EXCLUSIVELY 


OIL SEALS e GASKETS « PACKINGS e MECHANICAL SEALS 
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Skinner Solenoid Valves are easier to maintain 
and service because of their simplified design 


The man shown above is cleaning a Skinner Solenoid Their joints are heli-arc welded on special electronically 
Valve. He has disassembled it by hand without remov- controlled equipment. Their coils, manufactured to UL 
ing it from the line. Simplicity of design makes this standards, will operate for years without burnout. Their 
simple maintenance and service feature possible. The positive spring returns eliminate sticking. And they 
design of Skinner valves is such that coils and other have no packing to wear out and cause leakage. 
parts are interchangeable and easily, quickly replaced. If you are looking for solenoid valves that will give you 
They are readily available, too — reducing the stock- longer trouble-free performance, look to Skinner valves. 
ing Of spare parts to a minimum. For complete informatior on Skinner’s line of 2-, 
Skinner Solenoid Valves are made of the very finest 3- and 4-way valves, write us or contact a Skinner 
materials available and contain only two moving parts. representative. Write Dept. 427 


Skinner Solenoid Valves are distributed nationally 
Circle 436 on page 19 
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ELECTRIC VALVE 
DIVISIO CONNECTICUT 





Republic Titanium Flies with 


The B-58 is built for the Air Force by Convair, 
A Division of General Dynamics Corporation, 
Fort Worth, Texas. Powered by four General 
Electric J-79 engines, the plane is designed to 
operate at altitudes above 50,000 feet. Photo 
at left is one of the first showing detachable pod 
under fuselage. This feature permits performance 
of a greater variety of missions. 
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Convoin’s B-58 Hustler 


Republic titanium alloys used for elevated temperature applications 
and weight saving in America’s first Supersonic Bomber 


The delta-winged B-58’s transformation from drawing 
board to production in record-breaking time is a 
tribute to the design-and-engineering skill of Convair 
Division, General Dynamics Corporation. 

This dream plane incorporates the most advanced 
equipment and utilizes the latest engineering mate- 
rials, including Republic Titanium. 

Titanium alloy types produced by Republic Steel are 
used in the B-58 for weight saving and elevated tem- 
perature applications. These particular titanium alloys 
are among the strongest now being produced. They 
offer high strength values at elevated temperatures. 

These alloy types have a minimum tensile strength 
of 130,000 p.s.i. and a minimum yield strength of 
120,000 p.s.i. They meet the demand for high strength 
to resist the effects of aerodynamic heating in super- 
sonic aircraft, such as the B-58. 


The Hustler is the world’s fastest bomber. What 
about the future? Right now, planes are being designed 
for speeds of Mach 3 or 4. Republic is keeping pace. 
At the Titanium Research Laboratory in Canton, Ohio, 
new titanium alloys are being developed with better 
physicals to provide greater operating efficiencies. 

In exploring the “thermal thicket”, many materials 
must be appraised and utilized. Republic—world’s 
largest producer of aircraft steels—is working on new 
high-tensile, stainless types with higher strength and 
greater heat-resistance. 


Republic metallurgists and engineers pioneered the 
development of high strength-to-weight metals. They 
offer you years of experience gained through helping 
hundreds of manufacturers design and redesign their 
products to get more strength with less weight at less 
cost. Contact your local Republic sales office for more 
information. Or send us the coupon, 


STEEL 


and, Steck Producla” 
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MORE REPUBLIC: PRODUCTS WITH ADVANTAGES 
FOR DESIGNERS AND EQUIPMENT BUILDERS 


4 as {2 


AMA! LL Lea Sa ~sgen | 
STRUCTURAL APPLICATION PROBLEMS requiring low weight plus high strength 
are best solved using tubular construction. A good example is this rocket 
sled designed to withstand extreme forces of abrupt deceleration. Republic 
ELECTRUNITE” Steel Mechanical Tubing is ideal for such an application. 
Uniform in wall thickness, concentricity, strength and ductility, it permits 
reduction in bulk without sacrifice of safety. Send coupon for more facts. 


ALLOY STEEL IN THE NORTH AMERICAN F-100 landing-gear struts provides 
strength, toughness, maximum resistance to fatigue. Exacting requirements 
for inner and outer cylinders resulted in the development of a new grade 
of steel by Bendix Aviation Corporation and Republic metallurgists working 
with North American engineers. This new steel, designated AMS 6427, was 
found ideal for application in the strength range of 220,000-240,000 p.s.i. 
It maintains its great strength at wide temperature extremes. Write for 
more information on alloy steels. 


REPUBLIC STEEL CORPORATION 
DEPT. C-4050A 
3130 EAST 45th STREET » CLEVELAND 27, OHIO 


Have a metallurgist call. 0 Titanium O Alloy O Stainless 
Send more information on: 


0 Titanium 0 Alloy Steels 
(O ELECTRUNITE Mechanical Tubing 


Name Title 





Company 





Address a —_ 
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Here’s why it pays to CALL FOR HELP 


Small Predetermining 
Counter 


... first thing instead of last 


If you want to do anything “by the numbers,” first thing 
to do is call the No. 1 man... your Veeder-Root District 
Engineer. Because he’s an original thinker like yourself 
when it comes to designing or building Countrol into any 
type of product or process. 
He knows his book on the most complete line of standard 
electrical, mechanical and manual counters made anywhere 
in the world. And from this line he can very likely adapt or modify a standard counter to your special 
needs. This saves cost and time in engineering, purchasing, assembly. 
And you get a lot of new user-benefits to merchandise . . . direct readings, rather than dials and scales 
... remote indication from plant to office if needed ... production figures that serve as a fair base for wage 
and incentive payments, production and stock Countrol, tax computation . .. and as proof of your own 
performance guarantee. So call the V-R man in, when you begin . . . look him up in your local phone book, 

wi or write direct to: 

VEEDER-ROOT INC., Hartford 2, Connecticut 


, Everyone Can Count on 


EDER-ROOT 


e Offices and Agents in Principal Cities 








Hartford, Conn. « Greenville,S.C. © Chicago * New York ¢ Los Angeles « San Francisco ¢ Montreal 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on 
modern appliance 
design 


Make it more attractive—longer- 
lasting —easier to keep clean. And 
keep it simple to make. More and 
more designers “build in” such pow- 
erful selling points with stainless 
steel. 

Stainless keeps pace with modern 
trends. Now there are more than 30 
different types and a variety of tex- 
tures, surface tones and colors. The 
hard-selling values of superior corro- 
sion resistance, durability and tough- 
ness, long associated with stainless 
give you assurance of consumer ac- 
ceptance at the point-of-sale. 

For more facts about stainless 
steel and the contribution it can 
make to your product or marketing 
problems, see your stainless steel 
supplier or write ELECTROMET— 
leading producer of more than 100 
alloys for the metal industries, in- 
cluding chromium and manganese 
used for making stainless steel. Ask 
for the booklet “Stainless Steel in 
Product Design.” Write ELECTRO 
METALLURGICAL COMPANY, Divi- 
sion of Union Carbide Corporation, 
30 E. 42nd Street, New York 17, N.Y. 
In Canada: Electro Metallurgical 
Company, Division of Union Car- 
bide Canada Limited, Toronto. Stainless steel styling adds the attractive, dura- 

ble, “easy-to-clean” appeal which is helping to 

METALS DO MORE ALL THE TIME put across this new idea in cooking units. 

... THANKS TO ALLOYS 


Electromet 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


The terms “‘Electromet”’ and ‘“‘Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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DOUBLE - BARREL SERVICE 


DELIVERY 


Qn popular sizes 

and grades your 

‘ order is filled from 
N our stocks. Delivery, 
\ } therefore, is prompt 
le}tioks Wale). | E Wale Mei -¥ of -Salel- 00) (- aan 

often your shipment 
leaves our dock the 
same day the order 


\ Damascus quotes 
\ Zo) 6 ial o} i kel —t-mr- Cale Mae t— ie 
livery immediately rola) i eeived: 
most items. Some- 
\ thing special may 
take a little longer, 
but we always call 
or wite within a 
few hours. 


—EEE eee en 
—— 


- For complete information 
write for free booklet. 


AMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


GREENVILLE, PENNSYLVANIA 
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ONE OF THE GARLOCK 2.000 
U 


THE PACKAGED SEAL 


of a hundred uses 


This Garlock MEcCHANIPAK* Seal 
BB-21A has proved itself on hun- 
dreds of jobs, sealing against water, 
oils, alcohol, mild acids, and sol- 
vents. It’s ideal for shafts on cen- 
trifugal pumps, automatic washers, 
speed reducers, commercial dish- 
washers . . . wherever pressures do 
not exceed 150 psi. 

Withstands temperatures to 212° 
F. with standard bellows or up to 
400° F. with silicone rubber bellows 

. Shaft speeds to 2000 fpm and 
higher depending on operating con- 


? 


ditions. Sizes for 34” to 3” dia. 
shafts. Mechanical drive arrange- 
ment is engineered to eliminate 
slippage and simplify installation. 

The BB-21A is another impor- 
tant part of “‘the Garlock 2,000”. .. 
two thousand different styles of 
packings, gaskets, and seals to 
meet all your needs. The only com- 
plete line. That’s why you get un- 
biased recommendations from your 
Garlock representative. Call him 
today or write for Catalog AD-150. 


*Registered Trademark 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


For prompt service, coniact one of our 30 sales offices and warehouses throughout the U.S. and Canada. 


TYPICAL 
INSTALLATIONS 


Centrifugal pump installation 
where stationary seat fits in 
housing and impeller provides 
stop for seal. A cup type vibra- 
tion ring holds stationary seat. 
(Vibration ring design optional.) 


Vertical shaft installation where 
lock-nut positions seal on shaft 
and stationary seat is in gland. 
A square vibration ring is used 
to hold stationary sect. (Vibra- 
tion ring design optional.) 


Packings, Gaskets, Oil Seals, 
Mechanical Seals, 
Rubber Expansion Joints, 
Fluorocarbon Products 


Carnwocx 
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Fastener Facts 


hy Henry Peterson, Chief Engineer — Judson L. Thomson Mfg. Co. 


FASTENING WITH SEMI-TUBULAR RIVETS 


WHY RIVETS? 

You specify rivets when you want 
strong, permanent fastening at low 
cost. However, secure fastening is 
not their only function. You can also 
use them as fulcrums, pivots, cam 
followers, electrical contacts, studs, 
stops and in many other applications. 


Lo HH 


jp—————— SHANK 





APEX —14 








SIDEWALL —L 





o———- HOLE 


Typical semi-tubular rivet 


WHY SEMI-TUBULAR RIVETS? 

You specify semi-tubuiar rivets 
when you want to combine the high 
shear and compression strength of 
solid rivets with low-cost, high-speed 
fastening. The required strength is 
inherent in the design of Thomson 
Semi-Tubular Rivets. 

Shallow holes in solid shanks dis- 
tinguish semi-tubular rivets from 
other types. The hole is seldom deeper 
than shank diameter. Its depth is de- 
termined by clinch requirements of 
specific applications. A general rule 
is to select a rivet with length equal 
to the thickness of the materials plus 
55% of the diameter of the shank. A 
Thomson engineer can quickly spe- 
cify the correct rivet length and hole 
depth for any particular semi-tubu- 
lar riveting application. 

Semi-tubular rivet applications call 
for pre-drilled or punched holes in 
the materials to be fastened: metals, 
plastics, wood, ceramics and other 
hard materials. The size of the pre- 
pared holes is an important design 
consideration. When holes are too 
small, rivets choke. When too large, 
rivets buckle, To avoid either error, 
make sure that each hole is about 
7% larger than the maximum shank 
diameter of the rivet. In most cases, 
the setting process causes shank ex- 
pansion sufficiert to fill the hole. 
Again, Thomson engineering is at 
your service to help you match rivet 
and hole sizes. 

High shear strength of semi-tubular 
rivets is further assured by Thomson 
production methods, All Thomson 
Semi-Tubular Rivets are made from 
specially prepared wire by the cold 
heading or upsetting process. This 
results in fasteners with the uniform 
structure and inherent strength of 
forgings . properties not achieved 
»y screw-machine rivet production. 

Standard materials used to produce 
Thomson Semi-Tubular Rivets include 
aluminum, brass, copper, nickel-sil- 


ver, low-carbon steel and_ stainless 
steel. For special electrical and elec- 
tronie contacts, coin silver, fine sil- 
ver, palladium and other precious 
metals may be specified. 

Finishing to specifications is an- 
other service of interest to design 
engineers. Rivets can be plated with 
brass, cadmium, copper, nickel, tin, 
zine, etc. Morever, they can be oxi- 
dized or finished in japanned colors 
to match the original equipment or 
product. 

Low fastening costs result from the 
application of Thomson Semi-Tubular 
Rivets with automatic rivet-setting 
machines. The low cost of rivets, as 
compared with most other fasteners, 
combined with high machine speeds 
invariably leads to production line 
economies. Machines are low in ini- 
tial cost and require little main- 
tenance. Furthermore, they can be 
operated by unskilled labor. 








FLOOR-TYPE 
FOOT-OPERATED 


FLOOR-TYPE 
MOTOR-OPERATED 











HIGH PRODUCTION 
RIVET-SETTING MACHINES 


Thomson has developed more than 
200 styles of modern, high speed ma- 
chines which can be adapted to in- 
numerable fastening jobs. These 
machines are divided into three basic 
models: floor type with foot-pedal 
operation, floor type with motor op- 
eration, and bench type with motor 
operation. All permit automatic hop- 
per feed for maximum speed, and 
some motor driven floor models are 
equipped for multiple rivet-setting. 

Special work-handling devices ac- 
celerate riveting operations. Radial 
or turret feeds are common acces- 
sories for machines geared to high- 
production fastening of parts, as are 
ail types of specia! loading fixtures. 
Thomson selects th: proper machine 


TEL) JUDSON L. THOMSON MEG. 
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DESIGN PRACTICES 


Clearing Corners 


Allow plenty of room between hole and 
flange for anvil clearance. 


Joining Thick and Right Wrong 


Thin Sections . " 


Right Wrong 


LLG Lib = VLLZZIZZ 


Avoid Over-Sized Holes 


When holes are too large, rivet may buckle 
during clinching operation. 


¥F Right Wrong 
s 


Joining “U" Sections 


Insert rivet from 
thin-gage side 
and clinch against 
heavier section. 


The wider the channel, the easier the rivet- 
ing operation. Clinching inside ‘‘U"’ leaves 
driving and feeding mechanisms out in 
the open. 











to do your job most efficiently and 
custom-tools it to fit your fastening 
requirements, 


DESIGN & ENGINEERIivS SERVICE 

We will gladly evaluate your fas- 
tening problems without cost. Con- 
tact us while designs can still be 
modified for lowest cost fastening 
method. Simply send sketches, prints, 
or preferably samples of actual work. 


FREE “FASTENER FACT FILE” 
(Due off press in a few weeks) 

Be one of the first to profit from 
our new manual on all phases of rivet- 
ing. It covers rivet types, applications, 
materials, finishes, and other factors 
that determine selection of the right 
design, rivet and machine for cutting 
fastening costs. Re- 
serve your copy to- 
day. Write Judson L. Fastener Fact 
Thomson Mfg. Co., File 
Dept. B, Waltham 
54, Massachusetts. 





CO., WALTHAM 54, MASS. 
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STIFF SPECIFICATIONS 
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Yet a DIEHL motor met all requirements 


The requirements of one of the largest milling ma- 
chine manufacturers called for a close-coupled, special 
duty motor to raise and lower the knee and develop 
sufficient torque for heavy table loads in rapid trav- 
erse without stalling. Cool operation was imperative 
to avoid distortion of the machine table due to heat 
transfer. The motor was to be mounted directly on 
the gear case, therefore complete protection against 
oil leakage into the motor was essential. Motor size, 
compactness and appearance were important factors. 
DIEHL developed the special totally enclosed motor 
illustrated, which met all desired requirements. Cool 
operation was assured by the fan-cooled design of the 
motor, effectively preventing heat transfer. The flat- 
type construction saved considerable space and over- 
hang, conforming well with machine contours. Positive 
and dependable machine operation was the end result. 


This is another example of DIEHL accomplishment 
based on almost three-quarters of a century of expe- 
rience in the design and manufacture of mctors for 
industry. Utilize this experience in the solution of your 
motor problems. We'll work closely with you to pro- 
vide the right motor—at the right time—at the 
right price. 


DIEHL MANUFACTURING COMPANY 
Division of 


f 


Electrical 
THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 
Please send me Consolidated Motor Catalog and Price List 
No. MD-7 —3540 


Please have a DIEHL representative cal 


Baltimore * Chamblee, Ga. * Charlotte * Chicago * Cincinnati * Milwaukee * Needham, Mass. * New York * Philadelphia + Syracuse 
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Self-locking UNBRAKO socket screws keep critical adjustments secure in the eccentric drive mechanism of this fatigue testing 
machine. Drive system delivers varying loads up to 15,000 poids force to equipment under test at 1050 cycles per minute, 


Vibration won't loosen 


Self-locking UNBRAKO socket cap screws 


Screws with Nylok* device permit adjustments, keep precise settings during long test runs 


UNBRAKO socket screws with the Nylok self-locking device 
stay tight under constant vibration. 

Take the eccentric drive system in the fatigue testing machine 
illustrated above, for example. This machine must frequently 
run for periods up to 2 weeks or longer, day and night, to 
complete a single test. Loosening of the screws which are 
used to adjust the tension-setting mechanism could not only 
cause damage to the machine, but also make the test data 
worthless. Self-locking UNBRAKO socket head cap screws 
eliminate such problems. 

An UNsRAKO socket screw with the Nylok self-locking device 
is a single unit. Just screw it into any tapped hole. Seated or 
not, it locks positively wherever wrenching stops. Constant 
vibration or pounding, or endless running of a machine, 
won’t affect these self-locking UNBRAKOs. The screws will 
not work loose! 

Write today for your copy of Form 2193, which gives complete 
catalog and technical data on the entire line of UNBRAKO 
socket screws with the Nylok self-locking device. Or see your 
authorized industrial distributor. Unbrako Socket Screw 
Division, STANDARD PRESSED STEEL Co., Jenkintown 18, Pa. 


STANDARD PRESSED STEEL CO. 


a, 
UNBRAKO SOCKET SCREW DIVISION 
atl 

HOW IT LOCKS. The tough, resilient Nylok locking pellet keys 


itself into the mating threads. It forces threads together, and 
locks the screw securely—whether or not the screw is seated. +T.M. Reg. U.S. Pat, Off. The Nylok Corporation JENKINTOWN PENNSYLVANIA 
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NEW GOLDEN 
BONDERITE 


How its golden color can mean better products, 
greater profits for aluminum fabricators 


The golden coating achieved on aluminum by new 
Golden Bonderite is the key to a whole new concept in 
control, economy and efficiency. 


No longer need you worry along with variations in 
coating weights and solution analyses that go up and 
down from hour to hour or day to day. The color of 
the metal as it emerges from the Bonderite machine is 
a visual check on solution effectiveness and coating 
quality. It looks the same—and it is the same—24 
hours a day, seven days a week. 


Parker "'Reactifier’’ and How It Works 


In ordinary surface treatment solutions of this kind, 
a build-up of impurities occurs as work is processed. 
These impurities affect the efficiency of the treatment 
in inverse ratio until finally the solution is beyond 
redeeming. The tank has to be dumped and a fresh 
bath made up. 

This costly, wasteful procedure is ended when you 
use Golden Bonderite in conjunction with the sensa- 
tional Parker “‘Reactifier’’ column, an exclusive appa- 
ratus that polices the solution constantly, removing 
the harmful elements and allowing you to use the 
solution indefinitely, without ever having to discard it. 


Better Products, Better Profit 


You use a surface treatment for your aluminum pro- 
duction to improve paint adhesion and corrosion resis- 
tance, to reduce rejects in the finishing department and 
to assure customer satisfaction. Uneven efficiency in 
surface treatment usually means loss of paint adhesion, 
production rejects and the danger of costly field service 
and replacements. 


Golden Bonderite’s uniform efficiency, so easily 
checked by color, will save you money. 
1 It provides a uniform, effective paint base. 


2 It allows you to schedule and maintain high pro- 
duction levels. 


3 It permits operation at uniform low chemical con- 
centrations. 


4 It eliminates the need for dumping and rebuilding 
treatment solution. 


* Since 
1914— 
leader in 


the field 


BONDERITE 
corrosion resistant 
paint base 


aids in cold forming 
of metals 


PARKE 


BONDERITE and BONDERLUBE PARCO COMPOUND 





InN ix I~ I~ 
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Straight-as-a-string solution analysis 


The saw-tooth line above is entirely too 
familiar to operators of conventional alumi- 
num treatments. Efficiency sags as metal is 
treated, recovers as chemical is added, quickly 
sags again in use. Quality is uneven and 
uncertain. 

New Golden Bonderite and the amazing 
new “‘Reactifier’’, developed by Parker, bring 
“straight-as-a-string”’ efficiency. No variation 
in quality even if you operate 24 hours a 
day, seven days a week. Solution analysis 
remains constant, free of impurities that 
reduce efficiency and quality. 


Simple To Use 


New Golden Bonderite may be applied by spray or 
immersion. Treatment time can be varied to suit pro- 
duction speeds and equipment. Golden Bonderite comes 
to you in concentrated liquid form, easy to handle and 
use. 

Let us show you actual samples and test data on 
Golden Bonderite for aluminum. Call or write today! 


NOTE: A companion product to Golden Bonderite produces 
an appealing scratch-resistant green coating on aluminum. 
It’s a lovely color without further finishing. A natural for 
architectural products. 


RUST PROOF COMPANY 
2193 E, MILWAUKEE, DETROIT 11, MICHIGAN 


PARCO LUBRITE TROPICAL 
wear resistant for friction heavy duty maintenance 


rust resistant 
surfaces paints since 1883 


*Bonderite, Bonderlube, Parco, Parco Lubrite, Parker Pre-Namel—Reg. U.S. Pat. Of. 
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Parts for window screens, farm gates, 
car ports, awnings and other building 
products are economically produced with 
aluminum roll formed shapes, 


High strength and superior finish of 
aluminum roll formed tubing pays off in 
sign frames of all sizes, aluminum furni- 
ture, clothes dryers and other products. 


Specify 


Many complex truck and trailer framing 
members, bus strips and other parts are 
easily fabricated with aluminum roll 
formed shares. 


ALUMINUM 


Roll Formed 


Shapes 


from REYNOLDS 


available now in embossed patterns, 
paint finishes and plain or color 


anodized finish 


es 


Rolling from coil stock permits savings that 
are impossible when working from flat sheet. 
Therefore, if you are fabricating a complex 
shape from fiat sheet, or if you require a 
shape in long lengths, it will pay to switch to 
aluminum roll formed shapes from Reynolds. 

Reynolds roll forming can produce a wide 
range of easily fabricated shapes that aid in 
design flexibility. Closer tolerances on 
Reynolds roll formed shapes mean dimensional 
accuracy; better as-fabricated finishes often 
mean a more attractive product without ad- 
ditional finishing operations. 


However, if an unusually high quality 
finish is important to the sales appeal of your 
aluminum product, Reynolds is your best 
source for clear anodized, color anodized, 
painted or chemically brightened finishes or 
embossed patterns on rell formed shapes. 
Reynolds new, expanded finishing facilities 
complement Reynolds sizable investment in 
roll forming machines and tooling. 

For details contact your nearest Reynolds 
Office listed or write Reynolds Aluminum 
Fabricating Service, 2061 South Ninth Street, 
Louisville 1, Kentucky. 


REYNOLDS (3 } ALUMINUM 
FABRICATING SERVICE 


MACHINE DESIGN 











The Finest Products 
Made with Aluminum 


are made with 


| 
\ “Aluminum Roll Formed Shapes by Reynolds”. REYNOLDS ALU M NUM 


© REYNOLDS METALS COMPANY 


Write for your free copy of 8-page brochure, 


See “‘CIRCUS BOY”, Reynolds dramatic series, Sundays, NBC-TV 
BLANKING e EMBOSSING e STAMPING e DRAWING e RIVETING 
FORMING e ROLL SHAPING e TUBE BENDING e WELDING e BRAZING e FINISHING 
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Large Part...Small Part 


...1n Natural or 








Phoenix 4-Step Service can be of 
invaluable assistance in helping 
you utilize rubber to develop a 
better end product. Compounding 
and fabricating rubber has been a 
Phoenix specialty for 25 years. 
This concentration enables 
Phoenix to develop natural and 
synthetic rubber compounds to 
solve a variety of product design 
problems involving such factors 
as high and low temperature, 
abrasion, weather, load, torque, 
corrosive fluids and bonding to 
other materials. You can confi- 
dently put your rubber problem 
to Phoenix for an imaginative and 
thoroughly satisfactory solution! 


Leading Manufacturers 
of Custom Molded 
Mechanical Rubber 


ASSURES A BETTE 


STEP 1—-ANALYSIS Phoenix studies the part 
to determine which will be the most suit- 
able rubber compound. 


compounds and tests the most suitable 
natural or synthetic rubber, 











SERVICE 








R END PRODUCT 


STEP 2—DESIGN Phoenix assists in design- 
ing the part to perform the function in- 
tended at an acceptable cost. 


STEP 4—MANUFACTURE Modern equipment 
and exacting production control assure fast, 
accurate molding. 


RUBBER PRODUCTS DIVISION 
PHOENIX MANUFACTURING COMPANY 


JOLIET, ILL. « FOUNDED 1882 





Integrated Manufacturing Facilities: RUBBER PRODUCTS DIVISION, FLANGE AND FORGING 
DIVISION, STEEL MILL DIVISION, STEEL BUILDING PRODUCTS DIVISION, HORSESHOE PRODUCTS DIVISION 
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GET SQUARE D SAFETY SWITCHES AND BENEFIT 


FROMTHE MW NEMA 6 <4 
STANDARDS 








NEMA standards are adopted in the public interest 
and are designed to eliminate misunderstandings between the 
manufacturer and the purchaser, as well as to assist the pur- 
chaser in selecting and obtaining the proper product for his 
particular need. 


BRE 


REE BE. 


Square D’s quick change to the new standards gives you 
the performance and safety which NEMA standards assure. 
Square D Safety Switches cost no more 
—why settle for less? 


DESCRIPTION 


Rating-Ampere 
Voltage 


HEAVY DUTY 
New 


30—600 
250 or 600V AC, DC 


NORMAL DUTY 
formerly Types H, S, or A 
30-—1200 
250 or 600V AC, DC 


LIGHT DUTY 
formerly Types D or G 
30—200 
250V AC 





Enclosure 


NEMA 12 « Industrial Use 
(Gasketed) 

NEMA 4 &5 + Water-tight & 
Dust-tight 

NEMA 7 « Explosion-resisting 
Class |—Group D 

NEMA 9 « Explosion-tesisting 


NEMA 1 + General Purpose 
NEMA 3R -« Raintight 


NEMA 1 + General Purpose 
NEMA 3R « Raintight 





Horsepower 
Rating 


NEC Fuse Ratings 
Dual-Element Fuse Ratings 


NEC Fuse Rating 
Oual-Element Fuse Ratings 


NEC Fuse Rating 





Operating 
Mechanism 


Quick-Make, Quick-Break 
Independent of Handle 


Quick-Make, Quick-Break 
Independent of Handle 


Positive Make, Positive Break 
Spring Assisted 





Cover 


Interlocked & Padlock 
Attachment 


Interlocked & Padlock 
Attachment 


Padlock Attachment 





Plating—Current 
Parts 


Extra-Heavy Silver 


Silver 





Endurance 








Maximum Endurance 
Far Exceeds UL Standards 





Exceeds UL Standards 





Meets UL Standards 
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Now...EC&M propucts ARE A PART OF THE SQUARE D LINE 


COMPANY — 





Keller Tool 86A-1 air hoist 
—push-button controls give 
instant commands to hoist’s 
reversible air motor. 


Keller Tool 70A-26 air motor 
—- powers spinner shaft, dries 
unit enough for handling, 
smooths out and gets rid of 
excess insulation. 


New application of air hoist 


simplifies dipping operation 


This manufacturer engineered an unusual 
method of insulating welding rectifiers by 
using the Keller Tool 86A-1 air hoist as an 
air-powered winch. 

Bolting the hoist to the outside of the dip 
tank keeps the power unit away from the 
fluid in the tank. The climbing cable runs up 
and over two pulleys to carry the load during 
lifting and dipping operations. Push-button 
controls allow finger-tip manipulation of 


power and give the operator a free hand to 
guide the unit. 

After dipping, the rectifier unit is pivoted 
to an air-powered spinner shaft at the right 
of the booth for drying. Air power makes the 
entire job fast, clean and simple. 

Keller air tools are idea tools—versatile 
tools for industrial use. For information on 
the versatile 86A-1 air hoist (capacity, 150 
lbs.), write for Bulletin 86. 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
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the NEW Elliott C-W Dripproof Motor 
BALANCED DESIGN assures dependable performance 


The balanced design of the new Elliott C-W type N motors provides 
the best in mechanical protection, the best in insulation, the best in 
bearings, the besf in rigid construction. These motors produce more 


horsepower pel pound, require less space, less maintenance, have 


BETTER COOLING : é ye 
Viestietind ob: iden te Bas longer service life. Every rotor is dynamically balanced. Rigid cast 
at both ends of the Elliott B frames assure correct alignment, resist corrosion and mechanical 
Dripproof motor and ex- ; abuse. Highly effective cooling eliminates troublesome hot spots. 
hausts through openings L Che design illustrated above is dripproof—and virtually splash- 
st the bottom of the frome. proof as well. Yet ingenious design has provided ample passages for 
cooling air. Other types of enclosures providing even greater 
protection are available for service where conditions are extremely 


severe, 


ELLIOTT Company fo 


CROCKER-WHEELER DIVISION 


For complete details, send for new booklet. 
WRITE Elliott Company, Crocker-Wheeler Divi- 
Totally-enclosed Totally-enclosed, Totally-enclosed, sion, Jeannette, Pa. 
non-ventilated fan-cooled Frames fan-cooled 
256 U and smaller Frames 284U-326U 
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for all these Extras... 





Spacemaken 


PISTON ROD SCRAPER... Not just 
a felt or fabric wiper, but a metal to 
metal contact. Protects rod packing 
and cylinder bores at all times by 
actually removing foreign particles 
from piston rod surface. STANDARD 
AT NO EXTRA COST! 














NEW “SUPER” CUSHION FOR AIR... 
Of T-J design and patent, it assures 
millions of trouble-free cycles. Years 
of T-J research and test have answered 
the problem of “Show to make a cushion 
last’. All T-J cushions are adjustable, 
STANDARD AT NO EXTRA COST! 








CHROME PLATED CYLINDER BORES 
AND PISTON RODS... The piston 
rod, of course. But of these two features, 
the chrome plated bore is by far the 
most important, due to the much 
greater area that is subject to wear. 
Chrome plating of bore gives extra 
protection where needed most. Also 
a protection from condensation and 
foreign matter, that may find itself 
into the system. STANDARD AT NO 
EXTRA COST! 








ONE PIECE PISTON... Giving you 
three point surface bearing which in- 
creases the distance from the piston 
end to the rod bearing. This T-J feature 
assures better alignment, longer bear- 
ing and packing life. STANDARD AT 
NO EXTRA COST! 














off shelf delivery 





4 


at no Extra Cost! 





cylinders 





NEW ‘“SELF-ALIGNING’ MASTER 
CUSHION FOR HYDRAULIC USE... 
(Pat. Applied For) New T-J cushion 
design eliminates problems of worn 
out, or out-of-line cushion seals. Elimi- 
nates need of a ball check while greatly 
increasing the return flow, assuring 
fast breakaway on return stroke. All 
T-J cushions are adjustable, STAND- 
ARD AT NO EXTRA COST! 








NO TIE RODS TO STRETCH... By 
eliminating tie rods, the T-J SPACE- 
MAKER gives you 360 degree port 
rotation, streamlined design, no tie rod 
stretch, without sacrificing strength. 
STANDARD AT NO EXTRA COST! 








STREAMLINED DESIGN... Minimum 
center-line to center-line mounting— 
years ahead and in keeping with 
modern trends. Easy to clean for an 
extra appearance on your machine, 
without sacrificing strength. Oil pres- 
sure to 750 P. S. I.—air to 200 P. S. I. 
STANDARD AT NO EXTRA COST! 











FORGED SOLID STEEL HEADS... 
(4”’ bore through 8” bore) Requires 
no additional mounting brackets, be- 
cause mounting holes are a part of the 
one piece solid forged steel head. Its 
design lends itself to smooth stream- 
lined modern appearance. STANDARD 
AT NO EXTRA COST! 








Z 
2 





WRITE TODAY for new bulletin with com- 
plete details of the T-J Spacemaker line, or 
call Jackson; Michigan, State 2-0462. 


MEMBER OF THE NATIONAL FLUID POWER ASSOCIATION 
THE TOMKINS-JOHNSON CO. 
JACKSON, MICHIGAN 
RIVITORS ... AIR AND HYDRAULIC CYLINDERS... REAMERS... CUTTERS... CLINCHORS 
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BELLOWS RESEARCH 
PANONG DJ BY AVA 3p OD SAY Bois 


One of a series of reports on more 


effective use of metallic bellows 


in new or .unusual applications 


MATCHED EFFECTIVE AREA 


New Flexonics technique provides bellows with effective areas 
matched to within 2% on a production basis 


One of the problems of pressure sen- 
sitive bellows actuated devices is com- 
pensation for changes in atmospheric 
pressure. Flexonics Corporation has 
solved this problem with assemblies of 
bellows of matched effective area. 

As indicated in Figure 1, the twin 
bellows are opposed mounted in a 
irame. The motor bellows is connected 
to the fluid system in which pressure 
is to be measured or controlled. How- 
ever, this bellows is also affected by 
changes in external or atmospheric 
pressure. The compensating bellows, 
being sealed and completely evacu- 
ated is affected solely by the same 
changes in atmospheric pressure. 

By joining the bellows and mount- 
ing them in a restraining frame, 
changes in atmospheric pressure will 
cause the motion of the two bellows to 
oppose one another. In the case of re- 
duced atmospheric pressure, for ex- 
ample, the extension caused in the 
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MOTOR BELLOWS 





Fig. 1 


¥ 
RESTRAINING - 
FRAME COMPENSATING BELLOWS 








motor bellows is offset by the exten- 
sion of the compensating bellows 
thereby maintaining a constant con- 
trol point. 

Since force equals pressure times 
the effective area of the bellows, it is 
obvious that the secret of successful 
compensation is based on close match- 
ing of bellows effective areas. At Flex- 
onics, effective areas are matched to 
within 2% in actual production. Spring 
rate is also closely controlled. 


Such balanced performance is nec- 
essary for precision control of fuels, 
gases, air, pressure differentials, mix- 
ture of elements or ingredients and 
multiple recording devices under vary- 
ing environmental conditions. Linkage 
may be achieved in a variety of ways 
to operate valves, rheostats, switches, 
dial indicators, needle jets or weights. 

Further information is available on 
request. Send an outline of your re- 
quirements, 


BELLOWS REPLACES CLUTCH 


Unique application of Flexon Bellows in flow control valve serves 
to vary compressor load as demand changes 


A bellows operated valve made by 
John E. Mitchell Co., Dallas, Texas, 
manufacturers of Mark IV automobile 
air conditioners, serves to replace a 
clutch that is required in other con- 
ditioners. The purpose of the clutch 
is to engage and disengage the com- 





VACUUIA 
ADJUSTING — CONNECTION 


SCREW 


"0" RING 
Stal 


FLEXON __ 
BELLOWS 


CONTROL 
SPRING 











pressor according to demand on the 
system and varying engine speed. 

Varying engine speed results in 
varying compressor speed and conse- 
quently in varying refrigeration effect. 
The Mitchell bellows-operated Robo- 
Trol valve compensates fer the speed 
variations by controlling the rate of 
flow of refrigerant. 

The interior of the bellows is con- 
nected to manifold vacuum. Thus the 
internal bellows pressure is higher at 
high speeds than at low speeds. Refrig- 
erant at suction side pressure exerts 
force on the exterior of the bellows. 
The resultant pressure differential, 
directly related to engine (and com- 


Flexonic 


1339 §. THIRD AVENUE 


pressor) speed governs the degree of 
opening of the valve. 

Varying system demand is reflected 
in varying suction side pressure (the 
greater the demand, the higher the 
pressure) so the valve also adjusts 
flow in response to the requirements 
of the system. 

Here is another good example of 
how Flexon Bellows can be used to 
do a control job more efficiently and 
more effectively. If your design re- 
quires pressure or thermostatic actua- 
tion or control investigate the advan- 
tages of Flexon Bellows or Bellows 
Assemblies. Just send an outline of 
your requirements. 


BELLOWS DIVISION 


* MAYWOOD, ILLINOIS 


In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 
Also Manufacturers of Rubber and Metal Hose Assemblies * Expansion Joints * Aircraft Components 
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Ready, Set, 








GROW... wit 











e that is right for its purpose and comes to 
you right on schedule, call the nearest Revere Sales Office. 
Revere is headquarters for tube . . . seamless drawn, welded, 
lockseam and other types, in an extensive range of sizes, alloys 
and tempers, both round and other than round. It will pay you 
to tie the growth of your business to the most dependable 


sources of supply. Revere Copper and Brass Incorporated. 
Founded by Paul Revere in 1801. Executive Offices: 230 Park 


Avenue, New York 17, N. Y. 


Revere Aluminum Mill Products include coiled and flat sheet, both plain 
and embossed, circles and blanks, Tube-In-Strip,* extruded products, all 
types of tube, rolled shapes, electrical conductors, forgings, foil, d 
frozen food containers. «Revere’s trademark for sheet metal containing inflatable chan 
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Seeburg designers choose P-K screws 
to match 
the fastener 
_to the job! 


Joseph Kamys, engineer, J. P. Seeburg Corporation, 
Chicago, manufacturers/of:coin operated phonographs 
says, ‘‘Seeburg standards demand attention ‘to every 
detail—quality workmanship and materials throughout. 
With Parker-Kalon screws, we can match the fastener to 
the specific application—be sure of dependable results.’’ 


eA 


Attachment of metal base molding and kickplate to 
a Seeburg cabinet, in a metal-to-wood application. 
“Rather than use ordinary wood screws, we power-drive 
P-K Self-tapping Type-A,”’ says Mr. Kamys. “Holding 
power is far better, there’s less chance of wood splitting, 
and fewer rejects at inspection.” 


If you are designing a new product or new model, it will pay 
you to talk with a Parker-Kalon Fiel« neer. He can help 
in the selection of proper fasteners, suggest ways to 
speed production—cut costs. You can contact him through your 
local Parker-Kalon Industrial Supply Distributor. 


PARKER-KALON DIVISION, General American 
Transportation Corporation, Manufacturers of Self- 
tapping Screws, Socket Screws, Screwnails, Masonry 
Nails, Wing Nuts and Thumb Screws. 


Sold Everywhere Through Leading Industrial Distrib- 
utors. Factory: Clifton, New Jersey—Warehouses: 
Chicago, Illinois, Los Angeles, Calif. 
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Here, metal rims of two high-frequency speakers are 
fastened to a formed, one-piece, plastic housing. ‘In 
this metal-to-plastic application we have not only the 
problem of possible plastic breakage, but the fastener 
used must be highly resistant to vibration. We find 
P-K thread-forming Type-Z screws highly satisfactory.”’ 


ARKER-KALON 


fasteners 


MACHINE DESIGN 
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DP Mee aS 


Wherever your machinery is shipped... 


the performance and the name 
are the same around the world! 





K.. YEARS SHELL TELLUS OIL has been top-rated as 
both a lubricant and a control fluid for complex hydraulic 
systems. Its ability to combat foaming, oxidation, rust, 
sludge-formation and wear has earned it nation-wide 


Machinery manufacturers: 
Your customers abroad will receive the same 
. Shell Tellus Oil that your domestic customers en- 
popularity. joy. And this same uniformity applies to 

You may be glad to know that the equipment you man- SHELL TURBO OIL — gives anti-wear lubrica- 
ufacture can get the same efficient protection in foreign tion for utility, industrial and marine turbines 

ies. Tellus* Oil is availz 21 >us- 

countries. Tellus* Oil is av il able to your foreign cus SHELL ALVANIA GREASE— multi-purpose 
tomers from near-by points. It will be the same Tellus Oil : ; ‘ 

; Rie , . industrial grease, and a complete line of other 
that your domestic customers rely upon. Write Shell Oil 
Company, 50 West 50th St., New York 20, New York, or SHELL INDUSTRIAL LUBRICANTS 
100 Bush Street, San Francisco 6, California. 


*Trademark 


SHELL TELLUS OIL 
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how Vacuum Metals’ FERROVAC boosts 


ball bearing screw life up to 400%... 


Ball bearing screw assemblies, first used in automobile 
steering mechanisms, are now found in such critical 
applications as the actuation of landing gear and con- 
trol surfaces of aircraft and guided missiles. And it 
was in touch jobs like these that the assemblies failed 
in fatigue. Then a leading manufacturer tried vacuum- 
melted FERROVAC® for the balls - 
rose as much as 400% over the original life. Here’s 
why... 


and service life 


Vacuum melting improves fatigue properties — It 
literally sucks gaseous impurities — 
fatigue failure 
melted metals are cleaner, purer, tougher. And clean- 


focal points for 
from the molten metal. Vacuum- 


®) 


liness means an added bonus in fewer rejects. 
Only Vacuum Metals gives you one-source service — 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, provides a fully integrated 
service from melting and casting through mill rolling 
and nationwide distribution of finished mill products. 
And you can get not only small experimental lots, but 
now, thanks to our new 2500 Ib. induction furnace — 
the nation’s largest — you can also get large-scale 
continuous production quantities of vacuum-melted 
metals. If you have an application which these unique 
metals may improve, please write giving full details. 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, P. O. Box 977, Syracuse 
1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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MACHINE DESIGN 


..in hydraulic power 


A NEW IDEA |” cae anne systems 


2.2, 3.7 or 5.2 (@ 1800 rpm) 
Solenoid Controlled Pilot Operated Balanced Vane Pump--1000 psi eon 
Directional Valve (Optional) 


Balanced Piston - 


Relief Valve —5° Age «| ee _— 
Ne es oe 
~ < OR ell J Motor (@ 1800 rpm) 


(New NEMA Frame 
Size Specifications) 


Panel Contains 
Oil Passages 
Between Pump 
and Valving So 
that All External 
Piping is 
Eliminated 


Check Valve 
in Panel When 
Directional Valve 


A Second Solenoid ae A Included 
» 4 iq 
Controlled Pilot . i] | 
Operated oe 1 8 Gallon Reservoir 
Directional Valve : with Suction Filter J 
Can Be “/ - 
Provided Here 
For Control of : Here is a new and extremely compact “package system" for providing 
Additional Operations 3 hydraulic power and control to a wide variety of industrial machinery 
applications requiring low hydraulic horsepower. These include clamping, 
gaging, transferring, rollover, elevating, indexing, chuck and clutch opera- 


| 


tions, etc. 

Note the many features indicated on the photograph above. The result 
*) improved and simplified hydraulic design . . . also reduced installation and 
maintenance costs. This ‘package system" has great flexibility . . . is avail- 
able in a wide variety of combinations of standard components assembled 
to suit individual requirements. Pretested and ready for immediate opera- 
tion, it has also the advantage of undivided Vickers responsibility. For further 
information, ask for installation drawings 178706-8. 


DIVISION OF SPERRY RAND CORPORATION 
Machinery Hydrculics Division 
ADMINISTRATIVE and ENGINEERING CENTER 
Department 1430 © Detroit 32, Michigan 
Application Engineering Offices: * ATLANTA * CHICAGO « CINCINNATI 
CLEVELAND + DETROIT * GRAND RAPIDS * HOUSTON «+ LOS ANGELES 
AREA (El Segundo) * MINNEAPOLIS * NEW YORK AREA (Summit, N. J.) 
PHILADELPHIA AREA (Media) * PITTSBURGH AREA (Mt. Lebanon) 
PORTLAND, ORE. * ROCHESTER * ROCKFORD * SAN FRANCISCO AREA 
(Berkeley) * SEATTLE * ST. LOUIS * TULSA * WASHINGTON * WORCESTER 
IN CANADA: Vickers-Sperry of Canada, Ltd., Toronto 


730 *These “package systems” supplement the Vickers line of standard hydraulic power units. 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 192] 
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endability-- LON 


for greater on 


LINEAR KEEPS THE AIR 


IN AIR BRAKE SYSTEMS 
with Roto-Mold ‘‘O” Rings 


























\— 


Big “rigs” of the open road have to have air-brake systems that 
stand guard at all times. There’s no room for leakage or sudden 
failure. To transmit this braking power from cab controls to rear 
wheels, yet enable easy separation of tractor and trailer, requires 
flexible hoses with quick disconnects. These coupling devices must 
have a positive seal, withstand braking pressure and mechanical 
abuse, yet connect or disconnect with ease. 


LINEAR’S ability to produce precision “O” rings—fast and economi- 
cally—has provided safe, positive seals for airhose couplings . . . to 
keep the air in air brake systems. The exclusive Roto-Mold process 
assures physically better seals . .. dimensionally stable ... free from 
foreign inclusions and flash. 


No matter what your sealing problem may be—call on LINEAR or 
one of its agents for engineering assistance . . . and be sure to specify 
LINEAR Roto-Mold “O”’ Rings. 


“PERFECTION IN RUBBER” 


ff MINI AIN = 
LINEAR, Inc. STATE ROAD & LEVICK ST., PHILA. 35, PA. 
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Copper-lead 
alloy lined 


Lead-base 5 
babbitt lined pec Tin-base 
babbitt lined 


bearings that meet the widest 
range of engine applications 


Across the broad range of engines which impose lead alloy are the answer. Using our patented, low 
light or medium loads on the bearings, tin-base and oxide copper-lead powder alloy as the heart of the 
lead-base babbitt-lined bearings are the economical, lining, steel-backed copper-lead bearings produce 
dependable “‘work horses’. For the newer engines new performance standards in heavy-duty operation. 
imposing heavy loads, bearings lined with copper- For complete information address: 


Federal-Mogul-Bower Bearings, Inc. 


11045 Shoemaker, Detroit 13, Michigan 


Rolled, Split Bimetal Spacer Bearing-surfaced 
Bushings Bushings Tubes Thrust Washers 
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ILLUMINATED 
PUSH BUTTON 





PUSH TO TEST . 
INDICATING LIGHT 


A 








OIL-TIGHT PUSHBUTTON LINE 


General Electric’s oil-tight line includes: 
standard and mushroom-head buttons; 
selector switches and potentiometers; in- 
dicating lights in six colors; and other 
special operators. Stations are available to 
accommodate one to sixteen units. 





ILLUMINATED PUSH BUTTON 

Color caps are available in red, green, 
amber, white, blue and clear. Units can be 
furnished with guard (left on station). 
Transformers are available rated 110, 220 
volts, 50/60 cycle or 440 volts, 60 cycle. 


PUSH TO TEST INDICATING LIGHT 


Faceted lens provides greater dispersion of 


light and gives all-angle visibility. Forms 
are available with the same transformer 
ratings and with the same six lens colors as 
the illuminated button. 











ADDED 


BAKER BROTHERS, INC., Toledo, Ohio, has standardized on 
General Electric oil-tight push buttons for their plastic molding 
presses. Units are front mounted on contro! panel door. 


ONSRUD SPAR MILLING MACHINE-—operated by G-E oil-tight 


push buttons in flush panels and a pendant station 


is made by 


Onsrud Machine Works, Inc., Chicago, Illinois. 


TO GENERAL ELECTRIC’S OIL-TIGHT PUSH BUTTON LINE, 


A... 


NEW illuminated push button and a 
NEW push to test indicating light 


A new space saving illuminated push 
button and a quick-check, push to test 
indicating light have been added to the 
General Electric oil-tight pushbutton line. 
The illuminated push button is a single 
unit that provides the functions of both 
a push button and an indicating light, and 
can save you half your mounting area. 
The new push to test unit meets the 
newly revised JIC standards for push-to- 
test indicating lights. Both new units fit 
the same mounting hole and space as 
other units in the line. 


BOTH NEW UNITS are furnished with 
one standard contact block, and a permafil 
encapsulated transformer with the bulb 
mounted on the front. The encapsulating 
material helps insulate the transformer 
windings, and provides additional strength 
and resistance to mechanical! damage. The 
bulb is the new plug-in G-E No. 12, 6 volt 
lamp, which has extremely long life. 


FLEXIBILITY in selection is one im- 
portant feature of the entire General 
Electric oil-tight pushbutton line. Build- 


ing-block construction allows you to use 
the same contact block with all separable 
operators, color rings and nameplates. 
Indicating lights, special units and 
accessories complete the line to give the 
many combinations you need. 


FOR DETAILS of the new units and the 
complete oil-tight line, see your nearest 
General Electric Apparatus Sales Office 
or Distributor. Or, write for bulletin 
GEA-5779, Advertising Section 731-12, 
General Electric Co., Bloomington, Illinois. 


GENERAL @@ ELECTRIC 








Imaginative use of Lukens heads brought new efficiency to fabrication and operation of these Braun spherical head feedwater heaters.* 


Now you can simplify... and save... 
designing with Lukens heads 


Here’s practical imagination at work—C. F. Braun 
& Co.’s new spherical head feedwater heaters.* Each 
sphere is fabricated from two Lukens standard hem- 
ispherical steel heads. The benefits: High reliabil- 
ity ... elimination of all flanges and bolted gasket 
joints ...the ideal simple shape for economy of 
material and fabrication. 

Fabricators of heavy and light machinery, valves, 


wheels, to name a few, have also benefited from 
imaginative use of Lukens heads. They’ve lowered 
costs, improved quality, streamlined fabricating 
methods. Lukens’ fifty-five years as the leading 
producer of spun and pressed steel heads for many 
applications are at your service. Write for Catalog 
936, “Pricing and Engineering Data.” Lukens Steel 


Company, Coatesville, Pennsylvania. 
*Patents Pending 


Lukens Offers the World's Broadest Line of Spun and Pressed Heads of Carbon, Alloy and Clad Steels 
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The story of plus value in Roller Chain... 


att 





written on the end ofa pin 


To provide the long wear life and fatigue resistance you expect from 
a roller chain, the pins must have two characteristics: 
One...a case-hardened surface for longest wear life plus a 
tough, resilient core for shock load resistance. 
Two...comparatively soft ends for secure riveting and maxi- 
mum holding power in the link plates. 
How can you have these two opposites in one pin? 
In Rex Roller Chains, the pins are completely copper-plated. Then, 
the copper is ground off only the pin body, leaving the pin ends 
plated. Next, they’recarburizedincontrolled-atmosphere gas furnaces. 
Since copper will not absorb carbon during heat treatment, the pin 
ends are not hardened...remain relatively soft. The pin body gets 
the file-hard case depth you need. 
Look for the copper-plated pins before you buy roller chain. They’re 
visible evidence of the p/us value in Rex Roller Chains. For the story 
on the “finest roller chains made,” mail the coupon. CHAIN Belt 
Company, 4643 W. Greenfield Ave., Milwaukee 1, Wis. CHAIN Belt Company 
4643 W. Greenfield Ave., Milwaukee 1, Wis. 
0 Send me my copy of Catalog No. 610. 
) Have CHAIN Belt Man call. 
Name 


gx Me LT Company 


Address 
Leadership...through creative engineering 
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Why this particular rear spring 


bracket becomes important 


toall manufacturers 





In itself, the ArmaSteel spring bracket described here 
is of small interest except to the automobile manufac- 
turer for whom we made this study. But this bracket 
becomes significant as a typical example of what is 


The steel stamping for the rear spring bracket (clip pad) 
of a popular passenger car. @ Made from .438 stock, S.A.E, 
#1015 steel, the part weighs 4.2 pounds. From this, a casting 
is to be evolved with these specifications: 800 pounds maxis 
mum push or pull load on shock absorber ear, 75 foote 
pounds assembly torque load on each U-bolt lock nyt, 


being done—what can be done—here at Central 
Foundry Division to increase strength, reduce weight, 
and reduce the cost of many types of parts by means 
of relatively new stress analysis testing techniques. 


*% 
4 


Cast design no. 1 is created. @ Already slightly lighter in 
weight (4 pounds) than its stamped counterpart, this version 
is submitted for stress analysis. Preliminary tests indicate this 
casting is overdesigned. The unnecessary ribs can be 
eliminated, shock absorber ear can be tapered, and @ 
second, lighter design is evolved, weighing only 3.25 pounds, 





Testing. @ Using a production axle, each casting design is 
fastened on over rubber pads. The insertion of a steel block 
duplicates spring thickness. Production U-bolts and lock nuts 
are also used to duplicate actual loading conditions and 
torque characteristics, 





d oe 

The stress pattern on casting is established. @ Using 
brittle lacquer, the areas of highest stress concentration are 
determined so that casting weight can be further reduced 
without reducing the strength of the part. 


e 


MACHINE DESIGN 
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The 4th and final design. @ Now weighing but 2.90 
pounds, the fourth version is fastened to the test device's 
loading fixture (shown at right) to test the shock absorber 
ear for deflection ani yield points. This tevised version 
proves the value of stress analysis by sustaining nearly 
3,000 pounds load (yield point) at less than 0.30 inches 
deflection—almost 2,200 pounds ABOVE the auto manu- 
facturer's specifications! Only now will the tested design be 
submitted for approval. Testing shock absorber ear on casting for Deflection and 
Yield Point. @ The casting was fastened to the loading 
fixture simulating actual loading conditions using rubber pad 
and steel block, and load increments were applied on the 
shock absorber egr. 

















8 


Even the actual load on U-bolts was determined. @ Strain 
7 gauges, as shown above, were fastened to U-bolts, and 
Stress analysis helped create a stronger casting design. @ strain readings were made at required torque. The bracket, 
Above graph illustrates the improved strength and rigidity as it finally evolved, assured the auto manufacturer thot the 
of the casting over the stamping. final design was without inherent weakness. 





Just as we helped this manufacturer to produce a better Radiography, Spectrochemical analysis and Soni¢ 
bracket at lower cost so, too, can our research de- testing. Brief descriptions of these and many other 
partment assist you by means of the latest equipment phases of modern casting methods are contained in the 
and processes including stress-analysis, Cobalt 60, new book, “SHELL CASTING AT CENTRAL FOUNDRY”; 


Write for free copy of new “Shell Casting” catalog, today. 


CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS CORPORATION a SAGINAW, MICHIGAN © DEPT. 14 
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All Cord Sets 
available in 


COLOR 


to match 
your appliances, 
both in Rubber 
and in Plastic 


Ba re 


Support your locol 
ADEQUATE 
WIRING BUREAU 


Progrom 





Give those fine appliances a break! 


Invest in the very BEST...the BLUE CHIP Cord Sets 
that give better service, LONGER, 
Designed, engineered and produced 
to YOUR specifications... 


backed by the Know-how of an 
experienced staff. 


CONSULTATION WITHOUT OBLIGATION 


Ceustom 
CORD SETS 


“‘Made by Engineers for Engineers” 


CORNISH WIRE CO., inc. 


50 Church Street New York 7, N.Y. 


—CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY— 
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Now, aerosol packages 
in colorful, new designs 
with ZYTEL nylon resin 


A new grade of ZyTeEL nylon resin 
and a new fabricating technique are 
responsible for the entrance of 
Du Pont ZyTEL into the aerosol pack- 
aging field. Now products can be 
marketed in aerosol packages which 
have exciting new shapes and attrac- 
tive built-in colors. 

The new grade of ZYTEL, type 42, 
is more viscous when melted... can 
be extruded easily in a form suitable 
for blow molding. Therefore, the use 
of ZYTEL permits an increased vari- 
ety of functional and attractive 
designs. 

The new technique of welding two 
injection-molded sections of ZYTEL 
permits the designer to vary his pig- 
ments and create eye-catching aero- 
sol packages in a combination of 
beautiful colors. 

Aerosol packages of ZYTEL have a 
special appeal in the personal prod- 
ucts field for colognes, hair lacquers 
and anti-perspirants. ZYTEL is imper- 
meable to propellents . . . inert to 
chemicals found in many personal 








products. And because of the re- 
markable strength of ZyTeL nylon 
resin, the pressurized containers do 
not shatter, even when they are 
dropped on hard bathroom floors. 


Property and application data on 
ZYTEL are available to you without 
cost or obligation. To get this infor- 
mation, simply clip and mail the 
coupon on the next page. 





AUTOMATIC ELECTRIC PENCIL SHARPENER wears 
longer and operates more quietly due to its 
sturdy parts of ZyTEL nylon resin. Compo- 
nents of ZYTEL, such as the combined gear and 
bearing shown above, often replace complex 
metal assemblies without sacrifice in strength. 
In this way, ZYTEL helps to eliminate casting, 
machining, grinding and other operations that 
add to costs. Little or no lubrication is re- 
quired for mechanical parts of ZYTEL. (Parts 
molded by The Ark Inc. for Stile-Craft Man- 
ufacturers, Inc., both of St. Louis, Missouri.) 


BEARING SEALS of TEFLON tetrafluoroethylene 
resins are vital design features of the Floco 
Meter, assuring trouble-free performance. 
Used to measure the flow of crude oil, the 
meter requires a minimum of attention and 
maintenance. The bearing seals are unaffected 
by petroleum chemicals, temperature of the 
flowing oil, and suspended abrasives such as 
sand and grit. Waxes in the oils do not adhere 
to the surface of TEFLON, so that clogging is 
prevented. (Manufactured by Flow Equip- 
ment Company, Inc., Los Angeles, Calif.) 
Circle 465 on page 19 
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PUMP ROLLERS of ZYTEL nylon resin are unaf- 
fected by the insect, weed and cattle sprays 
or liquid fertilizers handled by this pump. A 
stainless-steel core is molded directly into 
each roller of ZyTEL. The rugged rollers re- 
sist wear at high pump pressures, even when 
handling liquids containing wetta- 

ble powders. The heavy-duty pump 

slips directly onto tractor take-off 

shaft. (Rollers molded by Minne- 

apolis Plastic Molders for Hypro 
Engineering Company, both of 
Minneapolis, Minnesota. ) 
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Because it is made of durable DuPont 
Lucire, the fashionable “Lady Schick” elec- 
tric shaver will retain its sparkling, jewel-like 
appearance for years. (Molded and decorated 
by Hoosier Cardinal Corp., Evansville, Ind., 
for Schick, Inc., Lancaster, Pennsylvania.) 


Beauty and durability of 
Du Pont LUCITE® lend sales 
appeal to “Lady Schick” shaver 


Attractive, durable and economical, 
Lucite acrylic resin is being used to 
add sales appeal to a wide variety of 
products. The “Lady Schick,” for ex- 
ample, a new electric shaver for wom- 
en, is exquisitely styled in sparkling 
Lucite. And because of the remark- 
able strength and durability of LUCITE 
the shaver will retain its attractiveness 
for years. 

Economically molded, LUCITE is 
used extensively in smartly styled appli- 
ances, household items and personal 
articles of all kinds. Because of its re- 
markable resistance to weathering and 
its Outstanding optical properties, 
Lucire also plays an important part in 
the lighting and sign industries. 

Why not investigate LUCITE in terms 
of your own operation? To help you 
evaluate this remarkable material, we 
have prepared data that is yours with- 
out cost or obligation. Simply clip and 
mail the coupon below, and this infor- 
mation will be on its way to you. 


Gaskets and packings made of 
TEFLON® resist corrosives 


tetrafluoroethylene resins 


and high temperatures 


When you specify a TEFLON tetra- 
fluoroethyiene resin as the sealing ma- 
terial for your designs, you get the 
nearest approach to complete reliability 
for the majority of sealing conditions, 
You're sure that your seals aren’t going 
to corrode or crumble under the attack 
of even the most powerful reagents. 
You're certain that you'll find your seals 
operating without failure at tempera- 
tures as high as 500°F. You're pro- 
tected against any sign of seal embrittle- 
ment down to temperatures in the liquid- 
helium range. And you get the benefit 
of the low coefficient of friction of 
TEFLON resins, which greatly reduces 
torque at points such as shaft packing 
glands. Non-stick property makes it 
easy to open joints when necessary. 

TEFLON tetrafluoroethylene resins 
are among the most inert chemical 
materials known to science. They are 
unaffected by nearly all chemicals and 
solvents in commercial use. The few 
exceptions to this include attack by the 
alkali metals under certain conditions. 
At high temperatures and pressures, 
halogens and certain halogenated 
chemicals and solvents may also affect 
them. 

TEFLON resins are tough, flexible 
materials which can be accurately 
machined and molded. Most of the 
mechanical properties of solid TEFLON 
resins are comparable to those of the 
best grades of rubber-bonded com- 
pressed asbestos. High-pressure pack- 
ing rings perform satisfactorily in 
15,000 psi pumps. Seals, gaskets and 
packings of TEFLON tetrafluoroethylene 
resins operate reliably year after year, 
minimizing maintenance and replace- 
ment costs. 

Send for the special literature we’ve 
prepared on this subject. It’s packed 
with facts that can help you solve your 
sealing problems. 


E. I. duPont de Nemours & Co. (Inc.), Polychemicals Dept. 


Room 147, Du Pont Building, Wilmington 98, Delaware 

in Canada: Du Pont Company of Canada (1956) Limited, P. 0. Box 660, Montreal, Quebec 
Please send me more information on the Du Pont engineer- 
_| TEFLON; 
(] LUCITE. 1 am interested in evaluating these materials for: 


ing materials checked: [|] ZYTEL; 


Name Position 
Company 

Street 

City State 


SEND FOR 
INFORMATION 


For additional property and 
—— application data on LUCITE® 
acrylic resin, TEFLON® tetra- 
fluoroethylene resins and 
ZYTEL® nylon resin, clip and 
mail this coupon. 





Type of Business 
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“V” ring 


Braided packing 


PACKINGS of TEFLON resins give uniform 
packing performance and long service life. 
Lubricity of TEFLON provides high mechanical 
efficiency. 


ENVELOPE GASKETS consist of a soft filler cov- 
ered by a jacket of a TeFLon tetrafluoro- 
ethylene resin. They are used for sealing large 
diameters and where bolting pressures must 
be limited, as in glass-lined equipment and 
pipe made from ceramics. 


SPIRAL-WOUND GASKETS and gaskets made 
from asbestos and glass cloth impregnated 
with TEFLON resins are used in high-pressure 
installations such as pipe joints, reaction 
kettles, steam couplings, pump bodies, and 
Pressure tanks. 





TEFLON® 


is a registered trademark... 


TEFLON is the registered trademark 
of the DuPont Company. It should 
not be used as an adjective to de- 
scribe a product of another concern, 
nor may this registered trademark 
be used in whole, or in part, as a 
trademark for any product. 
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Maintenance cut A9% 
with SKF anti-friction bearings 


SKF “Triple-Seal” Pillow Blocks, used by an 
eastern limestone producer in pulverizing tube mills, 
have saved thousands of dollars since their installa- 
tion in 1948. 


In comparable operating periods, counter-shaft fail- 
ures dropped from 11 to 2, bearing maintenance 
costs were cut 49%, production increased 70%, 
power savings averaged 10% to 20%. 


Required to operate in a highly abrasive “snow- 
storm” of powdered limestone, these triple-sealed 
units continue to save money for the user. They will 
do the same for you. 


For further information on how these remarkable 
“Triple-Seal” Pillow Blocks can be applied most 
effectively to your products, get in touch with your 
local SKF Sales Office. 7738 


EVERY TYPE—EVERV USE 





) 


Tapered Roller Bearings (Tyson ) 


Ball Bearings 
Cylindrical Roller Bearings 
Spherical Roller Bearings 





*Reg. U.S Pat. Off Tyson Bearing Corporation 


HkKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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ALLOW 
4"CLEARANCE 
FOR CASE REMOVAL 


Your “special” filtration problems can 
be solved by standard Purolator filters 





FOR EXAMPLE ... [his one SPECIFICATIONS. ... This is Purolator filter model G-141J with simplex 
standard Purolator filter is exactly 
right for all these “special” filtration 
problems: 


full flow metal element oil strainers. It is designed for primary or first stage filtration 
and can be installed on pressure or suction side of pump. Recommended for max- 
ink ei imum capacities of 40 to 80 GPM, dependent on spacing which varies from .003 to 
a race wabeine. .O10. Relief valves set from 10-12 to 50 PSI are incorporated in several models. 


greases, vitamin solutions Motor driven knife blade to clean element can be furnished whenever conditions 


as well as fuel and lube oils. make manual rotation impractical. Head is made of high tensile cast iron, body of 
ae 5s Sn! drawn steel. Inlet and outlet connections are 2”, drain plugs are provided. Maximum 
This filter’s specifications may rec- 
ommend it for a problem of yours. 
If not, you’re almost certain to find 
a standard Purolator filter that does 
meet your needs—exactly. filter that does at Purolator. Find out. Send in your problem. 


pressure: 125 PSI; weight: 37 Ibs. 


Remember, if these specifications don’t match your needs, there’s probably a 


Filtration For Every Known Fluid 


PURQOLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 
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Another cost-saving application 


How to make a self-propelled rotary mower more 
compact and still permit the rotary blade to operate 
while the mower idled —without increasing costs! That 
was the problem company engineers tackled. One 
way was to combine three components—over-run- 
ning clutch, oil pump piston cam, differential—into 
one. They experimented widely with designs and 
materials. Result: an OILITE powdered bronze 
worm gear with one side of the hub a cam operating 
the oil pump, the other side a wheel drive ratchet. 
(The other half of the ratchet—fixed to the drive 


me CHAVYSiag 


Only 


POWDER 
METAL COMPONENT 
DOES “TRIPLE DUTY" 
IN POWER MOWER 


powdered iron 


of Amplex Powder Metallurgy 


shaft— OILITE powdered iron.) The design achieved 
the desired compactness and idling characteristics. 
OILITE powder metallurgy achieved a major 
reduction in cost, an increase in serviceability. 


Do you have a design problem? Maybe Amplex 
has the answer. Write for detailed information about 
Amplex powder metal components—OILITE Bear- 
ings, Parts, Filters. Or caii your nearest engineering 
representative listed in the yellow pages under 
‘‘Bearings—OILITE.”’ 


Chrysler Makes Oilite* 


AMPLEX DIVISION 


PRODUCT 
*OILITE is a 
registered trademark 


BEARINGS ¢ FINISHED MACHINED PARTS «+ 
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CHRYSLER CORPORATION - 
Representatives and dealers located throughout the world 


PERMANENT METAL FILTERS + 


DETROIT 31, MICHIGAN 


FRICTION UNITS « 
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FERROUS AND NON-FERROUS METALS 
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4 MOUNTS LIKE AN INTEGRAL UNIT, 


FOR INHERENT ALIGNMENT... Both 


Designed to meet pei ong ] 7 a o units of the U.S. Motomount Syncrogear 


efe . = ; have rugged, pyramidal base construction 

J. I. 3 Specifications » ' é —made-to-match pyramids to hold motor 
ea a and mount aligned for life—factory align- 

. ment PLUus centralized responsibility for 


In one compact power package a high-speed 
manufacture of both components. 


NEMA foot-mounted motor and a low-speed, 

double reduction gear transmission. Motor 

change in minutes! And with U.S. Motomount CAST IRON FOR ALL EXTERNAL 

Syncrogear, the change is not limited to the type A : 

motor being replaced! If you carry a shia “ AP. oa -~- 2 ee, eee eee 
; ask ene er R eS am 5 ey. Besides providing structural stability, cast 

motor inventory, here is real flexibility and iron protects against corrosive elements. 

quick-change. U.S. Uniclosed, Totally- ‘ All castings normalized for permanent 

Enclosed, or Explosion-Proof motors of the retention of precision machining. 

same NEMA dimensions and ratings may be 

used to meet changing requirements. Available \ 

in h.p. ratings 1 to 30. U.S. Motomount Syn- te ' 4 TAKES THE NEW RE-RATED NEMA 

crogear has solid shank ever-tight pinion, ~ A : MOTORS...U. S. Motomount Syncro- 

friction-free oil seal, thru-hardened gears— | gear takes the re-rated NEMA. motors in 

many advanced features for longest life. the new sizes. The wide range thus accept- 

able enables you to reduce spare motor 
inventory! 


U. $. ELECTRICAL MOTORS, Inc. MD-7 
P. O. Box 2058, Los Angeles 54, Calit., or Milford, Conn. 


(0 Request Full Information about Motomount Syncrogear S Y oU ° f 
ORIN asi stieciiitlnnnts 
3 f . 
w. MOTORS 
ADDRESS Fo MO ES bat 


COMPANY. 
city. ——_———7ONE_____STATE__. f 











SINGLE BusHinc Type Floating Ring Seal 


Seal Any Medium—Even Corrosive Media 
-.- with Koppers Floating Ring Seal 


MuttTIPce Rinc Type Floating Ring Seal (assembled) 


FLoaTING RinG SEAL _ Basic 
Elements: Lantern Ring, Floating 
Ring, and Spacer Diaphragm. As 
sealing needs dictate, floating rings 
and spacer diaphragms are added. 
Seals are carbon, plastics, ceramics 
or steel, as applications require. 
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The Only “No Maintenance” 
Seal for Rotating, Oscillating 
and Reciprocating Motion 


Koppers’ precise, efficient Floating Ring 
Seal assures long seal life, low leakage, 
reduced wear, less power consumption, 
and decreased operating costs. 

It seals at high temperatures and at 
pressures up to, and for some conditions 
even above, 2000 psi. Inspection has 
shown that after 10,000 hours of opera- 
tion, ring and spindle wear can be 
negligible. For water at 500° F. and 1200 
psig with a %” spindle, leakage is only 
one to two pounds per hour. Frictional 
power requirements are virtually zero, 
and Koppers’ design reduces radial 
frictional restraint. Sealing members 
adapt to changes in the shaft’s position. 

Applicable to valve spindles, pumps, 
atomic reactor spindles and many other 
similar installations, Koppers Floating 
Ring Seal gives efficient, low-cost service 
for the sealing of all types of fluids under 
widely varying conditions of temperature 
and pressure. 

For additional information, write to: 
Koprers Company, Inc., Piston Ring 
and Seal Department, 2307 Hamburg 
Street, Baltimore 3, Maryland. 


MECHANICAL 


KOPPERS 


WwW 


SHAFT SEALS 


Engineered Products sold with Service 
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ENGINEERING BULLETIN 


ON| MICRO-BEARINGS 


Miniature Instrument Ball Bearings 


NEW HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH 1, 


NEW HAMPSHIRE 


Subject: DYNAMIC AND STATIC LOAD RATINGS 


DYNAMIC LOAD RATINGS 
Load ratings of MICRO bearings are 
based on standards established by the 
Anti-Friction Bearing Manufacturers 
Association and are the result of ex- 
tensive tests. 

The “life” of an individual bearing 
is defined as the number of revolutions 
which the bearing makes before the 
first evidence of fatigue develops. Fa- 
tigue, in turn, is a function of bearing 
load and although other factors, such 
as contamination and high tempera- 
ture, affect the life of a bearing, it is 
assumed that clean bearings running 
at normal temperatures are being 
considered. 

It is not possible to predict the life 
of any individual bearing. The prob- 
lem, therefore, is best approached by 
a consideration of empirically derived 
dispersion curves which provide a 
means of determining bearing life on 
a probahility basis. That is, they per- 
mit the .verage life of a given group 
of bearings to be accurately specified. 

For purposes of standardization, the 
“rating life” of a group of apparently 
identical ball bearings is defined as the 
number of revolutions that 90% of the 
group will complete or exceed before 
the first evidence of fatigue develops. 
This figure is approximately one-fifth 
of the average life. 

If two groups of similar bearings 
are run under different loads F; and 
F, within the normal operating range 
of loading and rpm, their lives L: and 
L: are inversely proportional to the 
cubes of the loads, i.e., 


L, F, 


3 
L. F, 

The BASIC LOAD RATING C is that 
radial load which a group of appar- 
ently identical bearings can endure for 
a rating life of one million revolutions, 
with stationary load and rotating inner 
ring. Within normal operating ranges 
the rating life for any load is a con- 
stant number of revolutions, so the 
following relationship, a restatement 
of the inverse cube proportion, may be 
used to compute rating life when basic 
load rating and applied radial load 


are known: 
L = C ° 
P 


L= rating life in millions of revolutions 
where, C = basic load rating in pounds 
P = applied radial load in pounds 

The nomograph illustrated permits the 
quick evaluation of any one of the 
three quantities when the other two 
are known. For example, if the C rat- 
ing of a given bearing is 95 pounds, 
and the bearing is loaded radially with 
12 pounds, P, a straightedge crossing 
these two values in their respective col- 
umns shows that the bearing could be 


Plain Flanged Plain 


FIG. —_—. cut-away views of instrument-type retainer ball bearings. Complete tabular data on 
* factors and static load ratings are contained in the MICRO Bearings Catalog. 
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expected to have a life, L, of 450 mil- 
lion revolutions. 


DEFINITION OF EQUIVALENT LOAD 
Bearings whose loads are primarily 
radial are usually also subjected to 
axial forces. When the axial compo- 
nent of the load is greater than a 
negligible value, this combined radial 
and thrust load may be expressed in 
terms of a simple radial load in order 
that the basic load rating C may be 
calculated. This simple radial load is 
known as the “equivalent load”, which 
is that constant stationary radial load 
which, if applied to a rotating inner 
ring, would give the same life as that 
which the bearing will attain under 
the actual conditions of load and 
rotation. 


FORMULA FOR EQUIVALENT LOAD 
For conventional bearing types other 
than those with filling notches, the 
equivalent radial load is given by the 
maximum of the two values: 

Pr=VFr X is a radial factor 
Pr=XVFr+YFa Y is a thrust factor 
V is a rotation Fr is the radial load 
factor Fa is the thrust load 


The factor e represents the ratio of 
F, 
VF, - for which the two equations are 
equal. If the ratio of loads is such 


that VF <e then formula (a) is 
used: i >e then formula (b) is 


f uF, re 
used. 


For inner ring rotation V = 1.0 in 
all cases; for outer ring rotation 
V = 1.2 in all cases except for self- 
aligning bearings, where V = 1.0. In 
most calculations involving MICRO 
bearings, the following values are suf- 
ficiently accurate: X = 0.30, Y = 1.04, 
and e = 0.67. In the case of self-align- 
ing bearings, however, X = 0.40 and 
Y = 7.6. 

In practice, the angular contact type 
of bearing should not be subjected to a 
predominantly radial load unless op- 
posed by another bearing. 

When a bearing is loaded and at rest 


3 
the dynamic life formula Ls = (5) | 
cannot be used because when Ly = 0 
then P = ©. Obviously there is a limit 
to the Static load which the bearing 
can carry, this limit being determined 
by permanent deformations which de- 
velop in the load carrying surfaces. 
Such deformations appear even under 
very light loads and increase gradu- 
ally with increasing load, with no 
sharply defined limit beyond which 
they begin. The static load limit is 
dependent on the permissible magni- 
tude of deformation, consistent with 


Plain and Shielded Flanged and Shielded 
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requirements of quietness and freedom 
from vibration. Experience indicates 
that a permanent deformation in the 
raceway of less than 0.0001 times the 
diameter of the rolling elements ordi- 
narily has no objectionable influence 
on the functioning of the bearing. 

In order to obtain an expression for 
the load carrying capacity at rest, and 
a numerical value that can be used as 
a reference, the pure radial load which 
corresponds to this negligible magni- 
tude of permanent deformation has 
been selected as the basic static load 
rating and given the designation Co. 

If the load is much higher than C,. 
when the bearing is not rotating, mi- 
nute depressions are formed in the 
raceways, causing the bearing to be 
noisy and to vibrate when operating at 
high speed, even though the bearing 
friction is not noticeably increased or 
the bearing otherwise injured. Depend- 
ing on the requirements in this respect, 
the static load may occasionally be al- 
lowed to exceed the C. value. 

If a load considerably higher than 
C. acts only while the bearing rotates, 
the permanent deformations that oc- 
cur will be evenly distributed in the 
raceways and cause no serious impair- 
ment until the deformations become 
relatively large. However, under such 
a heavy load, the fatigue life will be 
comparatively short in terms of the 
number of revolutions. Static load rat- 
ing values for all MICRO bearings 
are presented in our catalog-data book. 


DESIGN HANDBOOK OFFERED FREE 
You'll find this new, 70- 
page authoritative pub- 
lication a great help in 
solving problems in de- 
signing instruments or 
small _ electro-mechani- 
cal assemblies, 

Write io: New Hamp- 
shire Ball Bearings, Inc., 
Peterborough 1, N.H. 


Micro Bearings 


MACHINE DESIGN 








peed reduction with 


UTMOST COMPACTNESS 
is provided by flanged con- 
nection of motor to gear 


STANDARDIZED FLANGE 
(one size per motor) per- 
mits use of more universal- 
ly applicable motor. 


BUILT-IN ALIGNMENT 
is provided through use of 
he rabbet-fit NEMA motor. 


EFFECTIVE SEALS at all 
shaft openings keep oil in 
and prevent dirt from en- 
tering housing. 


INTEGRAL BACKSTOP 
to prevent reverse rotation. 
Can be installed at any time 
without additional parts or 
modifications. 
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reduction 


LINK-BELT GEARMOTORS maintain 
positive alignment with 
flange-mounted NEMA motors 


Here’s space-saving speed reduction that’s made- 
to-order for tight drive locations. First, because 
the speed reducer itself is extremely compact, 
thanks to Link-Belt’s advanced gearing methods. 
Second, the motor is flange-mounted, with no need 
for coupling devices. 

In response to the tremendous demand for these 
new Gearmotors, Link-Belt can now offer delivery 
from stock for sizes up to 30 hp, speeds from 280 

= down to 6 rpm. For details, con- 
tact your Link-Belt office. 


Ask for new 28-page Book 2447— 
offering details of design highlights 
plus complete engineering data. 


ENCLOSED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Bele Plants, Sales Offices, Stock Carrying 
Factory Branch Stores and Distributors in All Principal Cities. Export 
Office: New York 7: Canada, Scarboro (Toronto 13); Australia, Mar- 
rickville (Sydney), N.S.W.; South Africa, Springs. Representatives 

Throughout the World. 14,317-A 
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HEIM INTRODUCES 
THE NEWEST IDEA IN 
BALL BEARINGS 


without insertion grooves or inserts 


A most unusual, NEW concept in ball bearing design... 


Here is a commercial ball bearing with solid, unbroken machined inner 
and outer raceways, yet with a full complement of balls. 

It has deep, burnished ball grooves that are deep carburized and hard- 
ened. The revolucionary and radically new method of manufacture per- 
mits assembly of these ball bearings in a way that borders on the myste- 
rious and challenges the imagination. 

Radial and axial load capacities are increased because of the raceway 
construction, resulting in longer bearing life. 

Unibal Ball Bearings can be furnished in single row, double row and 
flanged types; to close tolerances on bore and outside diameter; and 
with controlled radial and axial play. 

Close, integral labyrinth seals on one or both sides are another unusual 
feature, where sealed type bearings are required. Extremely narrow 
widths and small diameters can be furnished. 


FULL COMPLEMENT _ SS ae 6 
F BALLS — 
oO DEEP, BURNISHED 


; \ : \ GROOVES 


SOLID, UNBROKEN 


NOTE THIS CONSTRUCTION... \ + ~~ INNER RACEWAY 


4 


7” NTH 
7 LABYRI 
I sea 


sh 


© Special circular with load ratings and dimensions 


on the new Unibal Ball Bearings is available. 


SOLID arastl 
UNBROKEN > 


OuTER = 
RACEWAY — 


HEIM also makes the Unibal Spherical Bearing Rod End. 


Send for complete catalog of all Heim bearings. Write direct or see 
te your local bearing distributor 


me 


THE HEIM COMPANY / Fairfield, Connecticut 
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_ inch Waldes Truare retaining rings cut costs’ 
speed assembly-disassembly of 2-high/4-high mill. 


New Model TA-625 2-high/4-high combination 
rolling mill designed by Stanat Manufacturing 
Co., Long Island City, N. Y., reduces 2/2” ingot 
to precision-rolled strip as thin as .001”. 

Waldes Truarc retaining rings help make 
possible a complete change of work rolls in 
20 minutes...solve difficult problems of accu- 
racy control by achieving positive location of 
bearings to extremely close tolerances. Rings 
eliminate costly parts and machining, save 
space, reduce maintenance. 





In the assembly illustrated above, 7’ Waldes Truare (Series 

5000) retaining rings—three on each roller—are used to posi- ; - me. * me 
tion heavy-duty needle bearings in the bearing housing. Assembly is simple, even with giant 7’ diameter Truarc ring. 
Smaller rings position bearings in other roller assemblies and Special Truarc ratchet pliers grasp the ring securely, ease it 
retain the shaft of a dual handwheel screwdown. All in all, into the groove, snap it securely into position. Smaller pliers 
18 Waldes Truarc rings are used in the mill. They replace and various high-speed assembly jigs are available for other 
machined shoulders, spacers and lock nuts...eliminate costly rings, permit assembly-disassembly to be performed rapidly 
threading, other machining operations. even by unskilled labor. 


ent sizes within a type... 5 metal specifications and 14 different 
finishes. Truarc rings are available from 90 stocking points 


Whatever you make, there’s a Waldes Truare Retaining 
Ring designed to improve your product... to save you material, 


machining and labor costs. Quick and easy to assemble and 
disassemble, they do a better job of holding parts together. 
Truarc rings are precision-engineered and precision-made, qual: 


throughout the U.S.A. and Canada. 


More than 30 engineering-minded factory representatives 
and 700 field men are available to you on call. Send us your 


ity controlled from raw material to finished ring. 
36 functionally different types... 


blueprints today...let our Truarc engineers help you solve de- 


as many as 97 differ. sign, assembly and production problems... without obligation. 


For precision Internal grooving and undercutting...Waldes Truarc Grooving Tool! 


(/ ~\ WALDES Waldes Kohinoor, Inc:, 47-16 Austel Place, L.1.C. 1, N. Y. 


Please send the new supplement No. 1 which 1 
brings Truarc Catalog RR 9-52 up to date. } 
(Please print) | 

prom Bt: dian } 
TN ee soir | 
COIN | 
| 


R E TAI N I N G RI N G Sy eg Address ane ied : 


.. State = 
Aes. 140079 | 


© 1956 Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.Y. L oat 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2, 439, 785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509 0815 
2, 544, 631; 2,546,616; 2,547,263; 2,558, 704; 2.574, 034; 21577, 319; 2, ‘595, ‘787, and other VU. 'S. Patents pending. Equal patent protection established in foreign countries. 
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Here's how YOU SAVE with BOSTON. 
BORED-TO-SIZE SPROCKETS 


complete with keyway and set screw... ready to install 


YOU SAVE time YOU SAVE time and 
and cost of Sachi ieletings cost of keyway cutting 


sy: a —— Oi 76 


YOU SAVE time and 
cost of —— YOU SAVE delay cPINION SIZES WITH 


tapping for set screw and cost of downtime 
in emergencies | = y 4 | 
SST 
BORE SIZES 


—-_——Y?} ~ 
el FROM 
. ‘STOCK 


Your Boston Gear Distributor ‘ 57BG-S-30 
can deliver promptly any size at = ; 
and bore you need from the full 
selection of 321 different pinions 
on his BORED-T0-SIZE SPROCKET 
stock rack. 
Why “do-it-yourself” ... at 
double the cost? Select the 
sprocket you need FROM STOCK, 
and get Boston Gear precision, 
finish, and performance that as- 
sures longer service life for both 
sprocket and chain. See Catalog 
No. 56 for complete listings — 
and other Boston Gear Sprockets 
to meet any drive need. Boston 
Gear Works, 64 Hayward St., 
Quincy 71, Mass. 














CALL YOUR 


DISTRIBUTOR 


FOR DELIVERY | 
OFF-THE-SHELF —— | 7124 
AT FACTORY PRICES fae™ | STANDARDIZED 
STOCK GEARS \ yea | PRODUCTS 


SPROCKETS and CHAIN 
SPEED REDUCERS 
BEARINGS @ COUPLINGS 


rp Ge a 0 
i =) a Q gm (- Ve 
By oo) > ES, LO 


For nearest Distributor, look under ““GEARS” 
in the Yellow Pages of your Telephone Book. 
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“THE MUSIC 
GOES ’ROUND 
AND ’ROUND...” 
ON 34-FRAME MOTORS BY WESTINGHOUSE 


LET ’EM *“‘POWER-UP”’ YOUR PROFITS TOO! 


Whenever you're “‘out on the town” and ‘hear the music 
goin’ round and round, it’s a pretty good bet you’re 
listening to a Seeburg machine. For Seeburg is America’s 
No. 1 manufacturer of commercial phonographs . . . all 
powered by 34-frame motors by Westinghouse. 

The Westinghouse 34-frame induction motor is de- 
signed specifically for business machines—electric type- 
writers, movie projectors, ‘‘jukeboxes’’, tape recorders, 
adding machines and a wide range of office equipment. 
The 34-frame offers outstanding power-to-weight ratio, 
no radio or T'V interference, light weight, quiet opera- 
tion and amazing dependability. And the 34-frame is 
versatile—it can be tailored to your specific require- 
ments. Just look at these features... 
Housing—Precision die-cast aluminum brackets assembled 
to machined fits for sturdy construction and light weight. 
Bearings—Self-aligning bronze bearings for economy, less 
maintenance, and long, quiet operation. J-03037 
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Mounting—Supplied with resilient mounting rings for assem- 
bly into your base or with complete base. Motors can be 
mounted in any position. 

Whatever your particular requirements, Westinghouse engi- 
neers will help you select exactly the right motor. Interested? 
Just fill out the coupon below for additional information. . 


you CAN BE SURE...1F its Westinghouse @& 


Small Motor Division ¢ Lima, Ohio 


Westinghouse Electric Corporation 
Small Motor Division, P. O. Box 566 
Lima, Ohio 

NAME 

TITLE 

COMPANY 

ADDRESS 


CITY ZONE STATE 
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the general utility STAINLESS STEEL 


=~ " : 
PNT. me). Loy 
Mil-S-854 
fod Ft | 


role ts- ty d-|-). ae 
Class 7 


NAVY 


QQ-S-0766b, Class FS-430 
Mil-S-854, Class 4 


Since 430 meets military specifications, 


why not investigate this grade for your product 








This straight chromium stainless grade possesses 
desirable qualities of beauty, corrosion resistance, Wicror 
strength, long life and low maintenance that are also of value old 430 sheets 
in many civilian applications. More than 50% of all are available up to 48” wide 
stainless applications could satisfactorily employ as thin as .010”, and up to 
430 stainless as an economical and practical material. ee en 
Type 430 stainless costs 1034 cents per pound less 36” wide as thin as .005 
than the 18-8 grade. Some of our customers are already in commercial finishes and 
saving more than $215 per ton using our MicroRold 430 tempers. 
stainless sheet. Why not investigate the possibilities 
of this general utility 430 stainless. 











Send today for your copy of our 24-page booklet, 
“MicroRold 430 Stainless Steel Handbook.” 


Washington Steel Corporation 


7-E Woodland Avenue, Washington, Pa. 
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How many of your products employ 
laborious, old-fashioned fastening meth- 
ods where simple fasteners could do the 
job and cut costs, too? How 
OVO nan 

y parts and sub-assem- 
blies can be adapted to include a self- 
fastening feature? How many future 
products could be improved by advance 

planning for fastener efficiency? 


HOW MANY WAYS CAN 


ial ‘Prpose 


CUT COSTS FOR YOU? 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design cf special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


POLYETHYLENE 
NTING FOOT 


No mar, no scratch 
glide for use on TV 
receivers, record 
changers, small ap- 
plionces, etc. Assem- 
bles into round hole 
in wood or metal 


THREAD CUTTING FASTENER 


NYLON SNAP-IN NUT QUICKEY FASTENER 


Snaps into square. 


hole stamped out of 
sheet metal... pro- 
vides secure anchor- 
age for any sheet 
metal or self-tap- 
ping sckew... highly 
effective electrical 
insulator. 


} 


PLUG BUTTONS 


Snap into 1%" to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 


Ji, sizes. 
y 


V-LOCK TEENUT 


Re-usable, self-lock 
ng, one-piece, all 
metal nut has high 
tensile strength, is 
unaffected by, heat 
r oils. In various 


shapes, sizes and 


Eliminates need for 
welding or swaging 
a aie 


S facili 


FISHTAIL RATCHET PLATE 


Holds on smooth, 
die-cast metal or 
plastic studs to an- 
chor name plates, 
trade marks etc. on 


ae +, 
rr 


biles, electronic ap- 





paratus, etc. 





GY) 


Re-usable, self-lock- 
ing, vibration-proof 
fastener cuts clean, 
deep threads on un- 
threaded chrome- 
plated studs. Avail- 
able for '4", *@” and 
\4" studs. 


TRIMOUNT STUDS 


Hold two or more 
thicknesses of mate- 
rial together. Easily 
installed by hand. In- 
sure vibration proof 
attachment. Perma- 
nent or removable. 


Many shapes and 


. sizes. 


DURABLE DOT FASTENER 


6 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 
rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish. 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 
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NEW, 


COMPACT 


48-FRAME 


Fractional HP 
MOTORS 


INDUSTRIAL QUALITY for all applications 


ROTO 
Rotor bars, end rings, and fans integrally pressure-cast 


of virgin aluminum. Rotors dynamically balanced te very 
close limits; meet strict quiet-motor requirements. 


INSULATION 


Heavy viny! acetal insulated wire, tough 
mechanically, thermally, and dielectrically, 
has excellent moisture resistance, highest uni- 
formity. Stator core slots lined with cells of 
DuPont Mylar bonded to all-rag electrical 
paper. 


BEARINGS 


Sleeve: pressed into place in bracket which 
has been bored true in single set-up opera- 
tion. Finish boring operation assures proper 
bearing surface and concentricity. Ball: single- 
shielded, precision fitted in brackets. 


take less space... 
weigh less... 
perform better! 


LUBRICATION et 


Sleeve bearing type: wool yarn 

wicking provides constant oil sup- 

ply to oil groove. Inner sump cup 

retains excess oil which is tapped 

by felt wicks extending into the wool yarn. Ball 
bearing type: standard construction permits 
re-greasing. 


GOVERNOR and SWITCH 


For capacitor and split phase types. Rotating part 
securely press-fitted to shaft. At change-over speed, 
governor operates with snap action, quietly and with 
no flutter. Stationary switch is mounted on a terminal 
plate; plate is GLASTIC, a strong, moisture-resistant, 
arc-resistant glass-filled polyester laminate, Solid silver 
contacts are used. 


BEARING BRACKETS 
Pressure cast in special aluminum casting alloy. Stress 
relieved for permanent stability. Strong internal ribbing 
for strength, and smooth outside surface. 


FRAME’ 


Stator frame rings formed of one-piece heavy rolled 
steel. No frame openings; windings fully protected. 
Rabbet fit faced and bored true to provide proper 
alignment of bracket and a concentric air gap. Heavy 
formed steel feet welded to frame ring. 


© 
Performance-Rated MOTORS 
1/20 to 400 HP 


Century Industrial Quality means design that does not 
compromise dependability to gain slight cost advantages... 
sturdy construction provides the stamina which assures con- 
tinuous operation. 48-Frame Motors now available from 
1/20 to 1/3 HP...Performance-Rated to your needs... 
with weight savings up to one-third! 


Test one of these motors for yourself. Call or write your 
nearby Century District Sales Office or Authorized Distribu- 
tor. Send for new bulletin 1-1P1. 


CENTURY ELECTRIC COMPANY 


1806 Pine Street ¢ St. Louis 3, Missouri © Offices and Stock Points in Principal Cities 
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WAITING FOR A CHANGE 


Development of aircraft and aero engine design is a pattern of nevér énding 
changes and modifications. Improving engines and airframes demands more 
strength in more and better parts. Example: ‘There are about 1,300 machined 
parts in the F-100A. In the F-100D, improvements have added 500 more. 
Higher power and speeds in the same size airframe call for improved elevated 
temperature performance in alloys for structures, forgings and fasteners. 


The big problems have been the forgeability and machinability of the tough 
alloys used in the intermediate elevated temperature applications. But they're 
being licked. Carpenter is now producing uniform elevated temperature alloys 
of very high quality which consistently meet tough aircraft specifications. Their 
quality and cleanness also allow tightened forging tolerances, improve 
machinability and cold forming properties. Result: More accurate forgings 
with better finishes . . . fewer rejects . . . faster production. 


Complete information on application, fabrication and engineering properties of 
these alloys is summarized in our new booklet, “Carpenter Alloys for Elevated 
‘Temperature Service”. For your copy, drop us a line on your Company letterhead. 
The Carpenter Steel Company, 120 W. Bern Street, Reading, Pa. 


[arpenter 


improved alloys for elevated temperature service 
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(Advertisement) 


New trends and developments 
im designing electrical products... 


e First radially heat-treated magnets ever mass-produced 


e G-E thermistor makes new temperature controls more sensitive 


G-E Magnet Engineers 
turn idea into reality 


The physicist at Roanwell Corp., 
Brooklyn, New York, had the idea 
— but it took a revolutionary devel- 
opment in magnet manufacture to 
make it come true. 

Roanwell was working on a new 
receiver for military headsets sensi- 
tive enough to distinguish sounds 
clearly, even under combat condi- 
tions. 

A new, dynamic receiver design 
solved the sensitivity problem. But 
then the weight and height of the 
unit had to be reduced to make it 
less bulky in the aviator’s helmet. 

Original specifications called for an 
assembly of several magnets which 
was smaller than the plug-type mag- 
net normally used. But the Roanwell 
physicist’s idea was to use a single 
radially heat-treated Alnico 5 magnet 
to reduce the size still further, and 
eliminate extra fabrication steps. 

No one had ever mass-produced a 
radially heat-treated magnet like 
this before (Fig. 1). And no one 
knew if it could be done. So Magnet 
Engineers from General Electric 
were called in to try. 


Figure 1 


They solved the problem all right. 
But here’s what they had to go 
through to do it: 

First, they came up with special 
directionalizing equipment to orient 
the magnetic domains so the magnet 
could be magnetized radially. 

Next, with engineers in G.E.’s 
unique Quality Standards Labora- 
tory, they worked out the processing 
technology for mass production. 

This meant starting from scratch 
to determine the initial heating tem- 
perature, rate of coiling, best field 
shape. It meant calculating axes of 


102 


the directionalizing coil, computing 
proper aging time and temperature. 
And finally, it meant thorough test- 
ing and careful control of production. 

The result: Roanwell is now using 
the first commercially produced ra- 
dially heat-treated magnets (Fig. 2). 
The magnet produces the same flux 
density, but it requires less height 
(in fact, about half the height of a 
plug magnet). 


RADIALLY 
HEAT-TREATED 
PERMANENT 
MAGNET 


STEEL FRAME 
STRUCTURE 


Figure 2 


Because a single magnet is used, 
the unit is stronger, more reliable 

. and has the needed sensitivity. 
Equally important, the magnet can 
be machined accurately. This is criti- 
cal because the circular air gap for 
the vibrating coil (see Fig. 2) is only 
a few thousandths wide, and magnet 
tolerances must be held as tightly 
as possible. 

For Roanwell, G-E Magnet Engi- 
neers came up with this new method 
for mass-producing radially heat- 
treated magnets. For other manufac- 
turers, they have handled jobs rang- 
ing from the design of complete mag- 
netic circuits to development of new 
magnetizing and testing procedures. 

Whatever the problem, G-E Mag- 
net Engineers have the experience, 
skills, and the facilities behind them 
to solve it. 

To get their expert design assist- 
ance, or your copy of the new G-E 
Magnet Design Manual, all you have 
to do is write:Magnetic Materials 
Section, General Electric Company, 
7814 N. Neff Road, Edmore, Mich. 


G-E thermistor gives 
new temperature control 
sensitivity to 0.075° F. 


Furnace heat maintained at given 
levels, and alarms scunded when 
temperatures exceed specified limits 
— both can be controlled by a new 
device called the “Simplytrol.” 

The Simplytrol is made by Assem- 
bly Products, Inc., Chesterland, Ohio. 
It responds to changes as small as 
0.075° F. because it uses a G-E ther- 
mistor as the sensing device. 

The thermistor is one leg of a 
bridge in circuit with a D’Arsonval 
meter relay. (Fig. 3). 





ty 
<P enmiston 
SY Ay ntti 
4 d 28°. 








Because the thermistor has a large 
negative temperature coefficient of 
resistance, even minute changes un- 
balance the bridge to let the current 
actuate the relay. 

The thermistor is more sensitive 
than other types of sensing elements. 
And in the Simplytrol, it can be wired 
up to 200 feet from the control with- 
out affecting accuracy. 

In these and similar devices, the 
thermistor senses changes in ambient 
temperature. However, when it is 
heated by the current of the circuit, 
a whole new range of applications is 
opened: voltage regulators, time de- 
lays, sequence switching devices. 

If you have problems in these ap- 
plication areas, experiment in your 
plant with G-E Thermistor Kits — 
they’re only $12.50 each. To find out 
which is best suited to your needs, 
write: Magnetic Materials Section, 
General Electric Company, 7814 N. 
Neff Road, Edmore, Michigan. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


MACHINE DESIGN 
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New book tells full story of stainless 
>. pipe and tubing 





‘/e" to 40” O.D. 


TRENT TUBE COMPANY os: roy, Wisconsin 


If you use stainless or high alloy pipe or tubing, this 
new illustrated handbook was written for you. It’s 
58 pages big — packed with informative data that 
you'll refer to again and again. 

The table of contents is too long to list here, but 
it includes, for example, analysis and conversion 
tables, corrosion characteristics, weights, alloy prop- 


CONTOUR TRENT TUBE COMPANY 


‘TRENTWELD, 


A Subsidiary of Crucible Steel Company of America 
GENERAL OFFICES: EAST TROY, WISCONSIN 
MILLS: EAST TROY, WIS.; FULLERTON, CALIF. 


erties, bending, joining and installation hints. 

We can’t guarantee how long the supply will last. 
To be sure of getting your free copy, why not clip 
and mail the coupon now? 


Oe a Ce a ae 


Trent Tube Company 
East Troy, Wisconsin 


Please send me a copy of your new tubing handbook, 


Address. 


inceneicintintinnpenttinisiniini Dini 


l 
l 
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! 
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BETTER INSULATION — 
through constant research. 


Moisture-laden hot-spot 
calls for some cool figuring! 


Superior design of Louis Allis 


electric motors pays off under severe heat-humidity conditions 


This paddle-agitator drive gets a steady bath of 
searing hot vapors from the trough below. Yet, the 
Louis Allis motor has given continuous and reliable 
service. Here are the special design techniques that 
make this possible: 

Special attention to insulation — Louis Allis spon- 
sors continuous research into new insulating mate- 
rials. One example: Louis Allis engineers were first to 
combine Gilsonite with phenolics and alkyds. The 
result is a varnish with the highest degree of mois- 
ture, acid, and alkali resistance — extra-long life for 
all motor uses whatever your design problem. 

Special care in manufacturing—Quality control of 


MANUFACTURER OF ELECTRIC MOTORS 


all materials . . . careful inspection ... rigid test... 
all of these add up to the highest quality standards 
in the industry to assure you of continuous fine 
performance, dependability under any condition. 

These and other Louis Allis extras—such as locked 
bearings for longer wear, positive lead identification 
for easier maintenance, and dynamically balanced 
rotor for quieter operation — could be the answer 
to your special design problems. 

The complete story is in our Bulletin 1700. May 
we send it to you? Contact your nearby Louis Allis 
District Office or write The Louis Allis Company, 
427 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


AND ADJUSTABLE-SPEED DRIVES 
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workhorse 
of the shop... 


CONNECTS 


MAGNET WIRES *14 THRU #2 + FLEXIBLE CABLE *14 THRU 4/0 
y 


£ 


Y29NH { 
Pneumatic Hypress i | Portable! 
Here at last is a versatile 

tool... rugged and wide- # yg 
ranging in its application Jie 

to production line and —%, N 
on-the-spot electrical rN 
connector installations. 

Additional convenience 

features include—rotatable Bench- 
control lever for easy mounted! 
operation in a variety of 

positions — compact 

alligator jaws — positive 

die set alignment — and 

many more. Air pressures 

from 80 to 125 lbs. psi 

provide instantaneous 
connections. 


sling 
suspended! 


For complete details, write Omaton Division, 


Norwalk, Connect. ¢ Toronto, Canada ¢ Other Factories: New York, Calif., Toronto ¢ Export: Philips Export Co. 
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How does ESNA’s complete line turn your 
special hex nut requirements into standard parts? 





TYPE U 
Sizes‘l/4-20 through 21/4 
NUT-HEX, HEAVY, 


TYPES TM and TE 
NUT-HEX, LIGHT, THIN 
Sizes 3-48 through 242”-12 + AN364 


sian 2 


TYPES M and E + NUT-HEX LIGHT 
Sizes 1-72 through 1142”:12 
AN365 
EARANCES 
through ¥2”-20 


The answer is: by manufacturing a complete line of hex nuts— 
that includes hundreds of dimensional, material and tensile variations. 


For example, all the nuts shown here are standard parts. z 
Yet they range in size from a sub-miniature 0-80 thread that is sicpauce (ocaeh tear Tansitt 
only .107” across the flats to a 4’’-4 thread 6-1/8” across. Sizes 10-32 through %8”-1 
Thread series include SAE, USS and British BSF, BA and 

Whitworth series. Most are available in carbon steel, 

stainless, brass and aluminum. They do not gall or seize 

bolt threads, and they can be re-used many, many times. 


Furthermore, the effectiveness of their red locking collars 
has been proved by more than thirty years of rugged 
field service—on locomotives, pile drivers, oil drilling 
machinery, washing machines, trucks and tractors. 


These standard ESNA hex nufs are i vailable from stock or 
are produced under normal lead times. And, of course, 
hundreds of other “specials” are also available. For details on 
the Elastic Stop® nuts shown here, write Dept. N47-74. 


TYPE 1260 + NUT-HEX, U BOLT 
Sizes 3-24 through 114”-12 
HIGH TENSILE 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road 


Union, New Jersey 


TYPE NKM-NKE 
NYLON CAP-LIGHT,HEX NU 
Sizes 6-32 through ¥2”-20 
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SM CHOICE OF BUILT-IN 
VALVES GIVES 

CONTROL FLEXIBILITY 


Sir SINGLE, AIR 
CONNECTION 
SIMPLIFIES INSTALLATION 





RUGGED CONSTRUCTION 
ASSURES LONG LIFE 


S 


125 BELLOWS 
SALES AND SERVICE 
FIELD ENGINEERS 


= There are one or more Bellows 
Field Engineers in every industrial 
area of the United States and 
Canada. They will be happy to work 
with you in applying “Controlled- 
Air-Power” to your machine de- 
signs. They are listed in their local 
phone directories under “The Bel- 
lows Co.” 


758-B 
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Four reasons why 


THE BELLOWS 
AIR MOTOR 


stands first with 
design engineers 


In designing for air cylinder operation the 
engineer wants first of all sure, positive control, 
easily interlocked to related machine movements. 
He has it in The Bellows Air Motor, 


He wants simple installation, uncomplicated 
by cumbersome piping. 
He has it in The Bellows Air Motor. 


He wants rugged construction — an air cylinder 
that will stand up day in and day out with 
minimum requirements for service and repairs, 
He has it in The Bellows Air Motor. 


But he also wants the knowledge, if service should 
ever be needed, that it is quickly available 
wherever his machine may go. 

He has it in The Bellows Air Motor. 


The Bellows Co. 


AKRON 9, OHIO 


This free booklet offers interesting data for the 
design engineer. Write for it today. Address Dept, 
MD757. Ask for Bulletin BM-25. The Bellows Co., 
Akron 9, Ohio. In Canada: Bellows Pneumatic 
Devices of Canada, Ltd. 


MACHINE DESIGN 








DYNANATTL 


EDDY-CURRENT EQUIPMENT 
The Most Accurate and Trouble-Free Method of 
Adjustable Speed Control and Testing—at Minimum Cost 


Ajusto-Spede’ Drives 

Dynamatic Ajusto-Spede® Drives supply infinitely adjustable 
speed from an AC power source—with low power losses and mini- 
mum maintenance. These air-cooled, stationary field, eddy-current 
couplings, integrally mounted with standard D-flange AC induction 
motors, provide a complete package-drive in sizes from 3 HP to 
75 HP. Units of the same design and capacities are also available 
without motors. 


Dynaspede’ Drives 


These Dynamatic liquid-cooled, adjustable speed, Eddy-Current 
Couplings, integrally mounted with standard D-flange AC induction 
motors provide a compact self-contained drive in sizes from 3 HP 
to 75 HP. Motor types available are drip proof, totally enclosed 
fan cooled, and explosion proof. The coupling is completely 
enclosed. Separately mounted couplings are also available in 
capacities from 3 to 2500 HP and larger. 


Eddy-Current Brakes 


Dynamatic Eddy-Current Bra’ re available in a wide range of 
torque capacities and operat. _,peeds. Features include smooth, 
frictionless, shock-free operation with no rotating electrical com- 
ponents or contacts. Liquid-cooled types, as illustrated, provide 
loading requirements from 40 HP to 10,000 HP. Air-cooled units 
are available in sizes up to 50 HP. 


Dynamometers 
Three types of Dynamatic Eddy-Current Dynamometers are 
available to meet various testing requirements; absorption dyna- 
mometers up to 15,000 HP; motoring or driving dynamometers 
up to 500 HP; and universal dynamometers to 500 HP and 
larger. Special purpose dynamometers are also designed for use 
in applications where requirements are unusual. 


Send for Illustrated Literature Covering these Dynamatic Units 


DYNAMATIC DIVISION 
EFA MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 
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.. by millions of contacts 


NATIONAL ACME 


TRADE MARK 


SNAP -LOCK 


As illustrated below, National Acme SNAP-LOCK Limit Switches 
employ a basicaily simple yet positive snap-action locking mech- 
anism—with extremely few moving parts. Thus wear is reduced 
to a minimum and dependable trouble-free service, far beyond 


normal limits, is assured. 


The double-throw contact lever, connected directly by shaft 
with the latch bar, carries self-wiping coin silver contact points 
to assure quick action make or break—reducing wear ever further. 


Electrical and mechanical sides are separated by a wall within a sturdy 
die-cas! housing which is fuily insulated and is dust and oil-tight. 


Arn, 


ELECTRICAL SIDE SS 4 MECHANICAL SIDE 


A = 


THEORIGINAL 


SNAP-ACTION 
LOCKING SWITCH 


SNAP-LOCK LIMIT SWITCHES. Made in single- 
pole and double-pole series, in four types: 
Standard, Short Travel, Neutral Position and 
Push Lever. With the exception of the Push Lev -r 
Switch, all are adaptable to special enclosure 
for hazardous location service and may be used 
with various styles of operating levers. For 
AC or DC service. 


eeeneevee4ean340aeces@es#s8se © 


and now... 


a new design concept for CONTROL STATION SWITCHES 
the heavy-duty... oil, water, dust tight GOLD-N-RING 


made by machine tool builders 


Heavy duty silver-alloy contact points provide max- 
imum electrical capacity, long life. 

Heavy duty terminal screws have ¥” thread contact 
to prevent stripping during installation and perma- 
nently secure wires for continuous, trouble-free ser- 
vice. 

Single or double-pole contact block assembiies—-can 
be used interchangeably with several types of GOLD- 


to machine tool specifications 


N-RING push button and selector operator heads. 
Rated for 600 volts—AC or DC. Meets all Joint In- 
dustry Committee and National Machine Tool Builder's 
Association requirements. 

Protected against oil and water seepage in operator 
head by Sealtight oil-resistant rubber diaphragm. 
Easily replaces existing switches. 
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ELECTRICAL MANUFACTURING 


DIVISION 


the National Acme company 


188 EAST 131st STREET, CLEVELAND 8, OHIO 
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THOMSON 


AVOID the 
HIGH COST 
and difficulty 

of fabricating 
long, hard 

& straight parts 


by conventional 
methods... 





SHAFTS, ROLLS, GUIDE RODS and other long-round parts 


60 Case is the result of over ten years of experimental work and ADVANTAGES of 60 Case 


production experience with hardened and ground shafts which 
are a requirement for BALL BUSHINGS, the Linear Ball Bear- 
ing manufactured by Thomson Industries, Inc. 


COST REDUCTION 

HARD BEARING SURFACE 
ACCURATE DIAMETERS 
GROUND FINISH 
STRAIGHT PARTS 
DELIVERY FROM STOCK 
ADDED STRENGTH 
UNIFORM HIGH QUALITY 


The special techniques and equipment that have been developed 
enable high production rates and low handling costs. This permits 
| big savings over conventional methods which are plagued with 
erratic warpage, straightening and resultant grinding problems. 
Finished 60 Case parts frequently cost less than the scrap losses 
that result from conventional methods. 








60 Case material has a surface hardness close to 60 on the 
Rockwell C scale which is essential to resist wear. 


Long lengths of material ranging in diameter from %4” to 4” 


are stocked to enable prompt shipment of 60 Case parts, with or TYPICAL 60 Case PARTS 


, without special machining. 


Write for literature and name 


GUIDE RODS, SHAFTING, ROLLS, TRAVERSE 
RAILS, PISTON RODS, ARBORS, LEADER PINS, 
TIE RODS, KING PINS, AXLES, CONTROL RODS, 
GUIDE POSTS, MANDRELS, BEARING ROLLERS, 
SPINDLES 


For emergency needs 
call collect 
MAnhasset 7-1800 


THOMSON INDUSTRIES, Inc. 
Dept.C-5,Manhasset, New York 
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There’s a Good Reason why 


ZINC Die Castines 


are so widely used 








Electro-Voice is outstanding in the design, development and manu- 
facture of high-fidelity speakers and components in the field of sound 
reproduction. Its choice of ZINC Die Castings for these products 
was based on extensive research and intelligent utilization of valu- 
able properties inherent in ZINC as a die casting alloy. 

Replacing materials formerly used, ZINC Die Castings were 
found to give greatly increased RIGIDITY— an extremely desir- 
able quality when heavy magnets and magnetic assemblies are used, 
as in the 1STRXB speaker shown above. 

Electro-Voice professional quality microphones such as this 664 
Cardioid Dynamic have used ZINC Die Castings for several years. 
Smooth finish, more efficient design and greater impact strength — 
as well as RIGIDITY— are the reasons for this choice of material. 

Notice the ribbed structure of the speaker frame. Here are thin 
walls and strength where needed—-RIGIDITY from every angle. 
For the Model 635 microphone, these polished die castings in- 
corporate many of the acvantages of ZINC, including labor-saving 
assembly. 

Any die caster can show you other examples of improved prod- 
ucts and lowered manufacturing costs gained by using ZINC Die 
Castings. Have you considered whether the same advantages can be 
incorporated in your products? 


THE NEW JERSEY ZINC COMPANY 160 Front Street, New York 38, N. Y. 


The research was done and the Zamak _ 
die casting alloys were developed with 
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What's in a Name? 


é 


new 
look” on our front cover and on this page. Lest they 
jump to unwarranted conclusions, we hasten to assure 
design engineers that the appearance change, inaugurated with 
the May 16 issue, represents neither an artist’s whim nor a 
change in policy. 

When MACHINE DESIGN was founded twenty-eight years ago 
the name connoted a well recognized field. It still does. By usual 
definition, a machine is simply an assembly of mechanisms 
which performs a useful function. 

As man’s implements were mechanized, their traditional 
names were sometimes prefixed with the word “machine”: ma- 
chine gun, machine tool. Or their function was followed by the 


| segs readers will have become aware of a 


of these designations persist but others have been replaced by 
new words: flying machine (airplane), talking machine (phono- 
graph). Some have been abbreviated: calculating machine (cal- 
culator), refrigerating machine (refrigerator). 

Such expressions as “He was hit by a machine on West 
Third Street’ are still heard, but modern usage tends toward 
dropping the word “machine” for this and many other products 
in the category of machines. 

Recognizing the trend, we have chosen to emphasize design 
in our label to denote the function we serve. At the same time 
We are retaining “machine,” sotto voce, to help further define 
our scope in accordance with precise definition. 

We hope the modification will help those readers whose 
products are no longer called machines to feel more at home 
here. Our policy remains unchanged: to serve the needs of de- 
sign engineers of all powered products, regardless of name. 
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Developing Ideas 


Ideas are the building blocks of new-prod- 
uct programs. This article, second of a group 
on new-product development, describes four 
ways to collect useful ideas in quantity. 


“IRST consideration in development of practical 
new products is a clear understanding of 
what is meant by new. It is also necessary 

to know what criteria may be applied to reveal 
presence or absence or “newness.” Generally, 
new products fall into one of three categories: 

First, any idea relating to a new function should 
immediately be classified as a new product. Elec- 
trical heating of blankets, wireless synchroniza- 
tion of electric clocks, and the speaker-phone are 
examples of new functions in familiar consumer 
products. 

Second, any idea relating to an improved function 
represents a potentially valuable new product. 
Records for 45 and 3312-rpm, Merion bluegrass 
and latex-based paints are examples of improved 
functions in readily recognizable consumer items. 

Third, any idea that contributes to lowered 
costs should be considered. Lowered costs in 
competitive markets represent innovations just 
as real as new or improved functions. 


> The Organized Approach 


Successful product development depends largely 
on willingness to adopt certain attitudes at the 
outset. Developing a high degree of receptiveness 
is important. Too often the mistake has been 
repeated of looking for new products by search- 
ing only in a single direction. Some search out 
new patents—but this is only one source of ideas. 
The search should not be limited to patents or 
literature or inventors. What is seen and heard 
and sensed should be mentally and physically re- 
corded. An organized approach should result in 
reconstructing new knowledge in different forms 
in an effort to synthesize something that has not 
existed before. 


Step One—Establish Objectives: In developing 
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new-product concepts, certain parameters should 
be established to be in keeping with management 
interests. It is unrealistic to assume that any 
and all potentially profitable new products will be 
of interest. 

The first step in developing new products should 
start with a top-level conference attended by ex- 
ecutives responsible for over-all company opera- 
tions. At this conference, long-range interests 
should be revealed, along with sufficient accom- 
panying background thinking to enable those in- 
dividuals who are specifically charged with the task 
of developing new concepts to exercise judgment 
that parallels top-management thinking. 

Management should indicate the limits imposed 
on the search for new-product concepts. Is the 
sky the limit or is the search limited to cost- 
reduction concepts? 

Within this range, practical working parameters 
can be established. Every effort should be made 
to allow the fullest possible latitude in searching 
out new ideas, but if any limitations are imposed 
by top management, these should be known at the 
outset. 

Top management’s long-range interests set the 
ground rules for the search. The fewer the rules, the 
greater is the chance of success. Complete free- 
dom of operation, however, may suggest that man- 
agement has not been clear in setting forth its 
thinking. Trouble may come later when manage- 
ment does clearly delineate its interests. 

The greatest contribution management can make 
at the outset of the search is to pass on any 
knowledge it has of especially interesting new com- 
mercial opportunities. Executives, through their 
wide range of contacts, may be able to highlight 
especially promising prospects. Growth prospects 
generally are the result of the operation of one 
or more of six major forces operating within the 
economy: 


1. Shifts in population patterns that effect changes 
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New-Product Programs 


By Philip R. Marvin 
Manager, Research and Development Div. 
American Management Association 


in supply, demand and preferences. 

. Defense programming that is responsive io 
local, political and world-wide influences has 
a far-reaching effect on growth opportunities. 

3. Legislation by federal, state and local bodies 
may be a regulating factor. 

. Court opinions on issues of a socioeconomic 
nature reveal directions to follow. 

. Patents allowed by the U. S. Patent Office are 
of widespread significance in programming. 

. Technological advances in recent years have 
assumed a position of great importance among 
external factors influencing product planning. 


Step Two—Search, Do Not Screen: One of the 
ingredients of success in developing new ideas lies 
in divorcing the searching process from the screen- 
ing process. In the initial stage, as many new 
ideas as possible must be accumulated; quantity, 
rather than quality is the goal. Objective at this 
point is to avoid rejection of ideas before selection 
criteria are well established and to avoid rejection 
by unqualified individuals. 

In searching for new-products concepts, product 
opportunities must be looked for—the need for 
new products, as well as ideas for new products 
themselves. The need for a product can often 
be used to generate new ideas. Consumer demand 
for color television, for example, sparked a flow 
of invention oriented toward this achievement. The 
need for high-temperature materials stimulated in- 
ventive efforts in this direction. 


Step Three—Set Up a New-Product Panel: The 
search for new-product concepts should be pursued 
within the corporation, and equally vigorously on 
the outside. However, the starting point for 
sound programming lies within the corporation. 

To stimulate the development of new-product 
concepts inside the corporation, the importance of 
new ideas must be stressed. A real interest in 
such ideas should be shown. Generating ideas is 
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not a process that can be turned on quickly. De- 
velopment of a favorable climate for idea genera- 
tion within the corporation requires careful plan- 
ning and takes time. Nonetheless, the rewards are 
great and the results are well worth the time in- 
volved. 

To gain acceptance of the fact that new products 
are of sincere interest, both written and spoken 
channels of communication within the corporation 
should be used. Company publications carrying 
feature articles outlining the value of new ideas to 
the long-range growth of the corporation are im- 
pressive. Reprints of articles from other publica- 
tions that reveal the importance of new products 
can help put the point across. Rewards can be 
used to stimulate a flow of new ideas. 

Along with the problem of developing a flow of 
ideas goes the problem of detecting and collecting 
them. Collection of ideas is a particularly critical 
problem, requiring that a favorable climate for 
the free flow of ideas be maintained. One of the 
most successful methods of coping with this prob- 
lem, and a method applicable to corporations of 
any size, is the establishment of a hand-picked 
group charged with the specific responsibility of 
generating and collecting new-product ideas. 

The most important qualification for members of 
this group is demonstrated creative ability. Diverse 
interests among members of the group is also 
important. One such group combines a production 
expert, an artist, an inventor, a designer, an 
analyst and an engineer, all of whom demonstrated 
creative capacity before being selected. Rank is 
a relatively unimportant factor, for the most part, 
when the individuals selected combine a really high 
degree of creative ability and genuine professional 
capacity. 

The New-Product Panel—Its Objectives and 
Functions: It cannot be overemphasized that the 


objective of the new-product panel is to accumu- 
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late a maximum number of ideas relating to poten- 
tial products. In the course of day-to-day business 
activities, finding and screening new ideas are 
commonly linked together. To form a clear pic- 
ture of the scope of activities of the new-product 
panel, the function of finding ideas must be clearly 
disassociated from the function of screening. 

The new-product panel’s only concern lies with 
the accumulation of the largest possible number of 
new-product ideas. If it is to operate at top- 
level effectiveness, it should never concern itself 
with screening functions. This separation of the 
screening function from that of developing new 
ideas is all-important and fundamental to the suc- 
cess of the process. 

In achieving its objective, the new-product panel 
members must pick up any pertinent new ideas 
they run across; their own creative powers should 
be productive of others, and they should produce a 
flow of ideas from every possible source. 

Operating both inside the company and on a 
broad scale outside of the company, the new- 
product panel’s sources can be classified in the 
general categories of: 

1. Bird dogging new ideas 

2. Synthesizing ideas 

3. Generating new ideas 

4. Catalyzing new ideas 


The first of these infers that at all times, mem- 
bers of the panel are looking for sources for 
ideas as well as the ideas themselves. Synthesizing 
is the process of combining two or more ideas to 
yield yet more. The chain-reaction thinking proc- 
ess is very productive. Generating new ideas refers 
to development through the creative powers of 
the panel members themselves. Catalyzing new 
ideas is the process of sparking a flow of ideas 
from individuals possessing latent talent. 


> First Way—Bird-Dogging for Ideas 


To develop perspective at the outset of the 
search, the panel should scan the business horizon 
for new ideas. In accomplishing this objective, 
there are a great many sources that are potenti- 
ally productive of new ideas and that should be 
tapped. No single listing of these sources could 
ever be complete, but a few will suggest others 
equally valuable. 

One way to develop new ideas is to hire some- 
one to do the job. The new-product panel can 
get outside assistance by hiring the services of 
firms engaging in survey work. Their individuals 
should combine training, knowledge, experience and 
innate capacity with the ability and skill to ex- 
ercise judgment in this area of business specializa- 
tion. 

Highly competent performance and service may 
be rendered by those qualified by training, practical 
industrial experience and specialization to perform 
these services. Those who employ such services 
will receive an adequate return on their investment. 

When outside assistance is employed, certain 
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SOURCES FOR IDEAS 


1. Venture-capital organizations seek- 


ing corporations interested in fi- 
nancing the development of new 
products. 

Directors of research in other corpo- 
rations with new-product ideas 
available on a royalty basis. 
Newspapers, trade journals, and 
magazines revealing new prod- 
ucts. 

Organizations and __ individuals 
available to search patent records 
for ideas that can be developed. 
Professional societies and business 
organizations with staff members 
specializing in segrnents of business 
activity. 

Purchasing agents knowing of 
special market requirements. 
Inventors with potentially market- 
able ideas. 

Public-utility companies interested 
in developing commercial oppor- 
tunities for their services. 
Manufacturers’ representatives fa- 
miliar with new developments. 
Government services related to both 
industrial and military activities. 
City, county, and state industrial- 
development commissions charged 
with industrial growth of specific 
areas. 

Patent attorneys representing client 
inventors of new products. 

Trade associations interested in 
specific areas of industrial activi- 
ty. 

Advertising agencies creating mer- 
chandising programs for products to 
be farmed out for manufacturing. 
Commercial bankers directing new- 
product financing activities. 
Consulting engineers working on 
projects in the idea and design 
stage and looking for a commer- 
cial tie-in. 

Sales representatives alert to mar- 
ket needs and potential new de- 
velopments. 

Scientists, engineers and technicians 
possessing developable ideas. 
Business acquaintances and per- 
sonal contacts that are particularly 
observant of market needs and op- 
portunities for new industrial ven- 
tures. 
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responsibilities must remain with the new product 
panel: 


1. The panel should adequately define the com- 
pany’s interests in new product ideas—scope of 
interests, limitations inherent to these interests, 
and associated factors. Effective action by any 
survey group is premised on an adequate de- 
lineation of these parameters of the search. 

. The panel should inform itself of the complete 
background of each individual who will be 
charged to the account. Only competent man- 
power should be used on the job. 

. Panel members should know what rates are 
charged and should request detailed periodic 
accounting to insure adequate control. 

. The panel should work closely with the survey 
team to make full use of their findings. 


Sources of New Ideas: A great many potential 
sources of ideas must be included in the search by 
panel members. A partial list of such sources is 
given separately. This list may seem exhaustive— 
and exhausting to one part-way through the 
search—but a single really good idea is worth a lot 
of effort. All of these sources have been found 
fruitful. Their sequence has no direct bearing on 
the specialized requirements of any particular 
search. In general, however, each of the sources 
listed should be investigated. 


> Second Way—Synthesizing Ideas 


The importance of demonstrated creative ability 
as a primary qualification for members of the 
panel has been stressed. Unless the members of 
the new-product panel possess this ability, a good 
share of their effectiveness will not be realized. 
It is a rare occasion when bird dogging new-product 
ideas that one comes upon an idea that is fully 
spelled out in useable form. More commonly, 
leads are encountered that steer thinking in direc- 
tions that may result in new products. Idea 
sources prove barren unless explored by imagina- 
tive minds. 

For example, one engineer, learning of the de- 
velopment of an electrically conducting resin, con- 
ceived an idea for its use if the resin could be 
made transparent. It might then be coated on 
glass panels and used to keep automobile and air- 
craft windshields free of ice in winter by passing 
current through the coating and heating the wind- 
shield. In another example, a scientist, reviewing 
saturable-core reactor development data, recognized 
that this electro-magnetic device had advanced to 
the point where it would be possible to couple it 
to a transistor to create a temperature-sensitive 
control without any mechanical or moving ele- 
ments. 

Many examples could be cited showing how new- 
product concepts result from combination, as- 
sociation and evolution of ideas. The efforts of 
panel members lacking highly developed creative 
capacities would fall short of the desired goals in 
utilizing information at their disposal. 
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> Third Way—Genercting Ideas 


Members of the panel are specifically charged 
with the responsibility for generating new-product 
concepts. They are expected not only to search 
for new ideas, but to utilize all information that 
comes to their attention to full advantage in 
generating new concepts. This job calls for acute 
awareness and sensitiveness that are responsive to 
the slightest hint or suggestion of a potential new 
product. 

The make-up of the new-product panel will deter- 
mine its productivity. Management’s principal 
control is exercised by making certain that the 
right individuals are selected for the panel. Empha- 
sis should be placed on demonstrated creative 
ability and ability to associate ideas and facts in 
new relations. These are two of six attributes 
which have been found to complement each other in 
the make-up of individuals suited to serve on the 
new-product panel. The six attributes are: 


1. Demonstrated creative capacity. 

2. Ability to associate ideas and facts in new re- 
lationships. 

3. A questioning approach. 

4. Acute powers of observation. 

5. Capacity for concentration. 

6. Broad training and experience. 


In using this guide it should be remembered that 
no two individuals will be alike in the way they 
combine these attributes. 


Demonstrated Creative Capacity: Individuals 
who have performed creative work have learned, 
in varying degrees, how to break through emo- 
tional, social and analytical barriers to creative 
thought processes. They have learned consciously 
or subconsciously the creative process of thought. 
Such individuals are outstanding candidates. 


Ability to Associate Ideas and Facts in New 
Relationships: The value of an idea is largely a 
product of its environment. A process for quick 
freezing a biological specimen for microscopic 
examination takes on added significance from a 
dollar viewpoint when thought of in relationship 
to food processing. The art of investment casting 
in the jeweler’s and dental technician’s laboratory 
assumed even greater importance to the precision- 
parts manufacturer. © This ability to transplant 
ideas into a new environment will contribute sub- 
stantially to the output of the panel. 


A Questioning Approach: A mind open to new 
information quickly notices gaps and uncertainties. 
Both new information and gaps in established pat- 
terns of knowledge are powerful stimulants to 
thinking processes. The man who is always 
asking questions may have a disquieting influence 
on those who are sensitive about knowing all of 
the answers, but he can make valuable contribu- 
tions. 





Acute Powers of Observation: An individual’s 
powers of observation are directly related to his 
ability to assimilate information. Questions open 
the door to new information, but highly developed 
powers of observation are vitally essential to 
collecting and storing new information. The in- 
dividual who can only ask questions, who has not 
developed the ability to gather data and verify this 
data, must play a minor role in the activities of 
the panel. 


Capacity for Concentration: Concentration pro- 
vides opportunity for analyzing relationships, vis- 
ualizing new associations and developing new 
concepts. Those who have the ability to devote 
their full attention to a subject for long periods of 
time are particularly productive of new ideas. 

The new-product panel’s ability to generate ideas 
depends directly on its makeup. If the right 
people are on the panel productivity is assured. 


To assure output—-select panel members carefully. 


> Fourth Way—Catalyzing Ideas 


The fourth way of developing product ideas re- 
quires members of the new-product panel to act 
as catalysts in stimulating the flow of ideas. The 
function of a catalyst is to accelerate a reaction; 
here the job is to start a flow of new-product ideas, 
especially from those individuals who are in a posi- 
tion to make substantial contributions. 

The opportunity of tapping the resources of 
those who are directly or indirectly associated with 
the corporation’s activities should not be over- 
looked. Anyone whose success is related in any 
way to the success of the corporation should be 
willing to make time available to contribute his 
thinking about possible new-product ideas. One of 
the new-product panel's jobs is to develop and 
capitalize these resources. 


Who Can Help: People to be cultivated fall into 
three categories: 
1. Those you sell to— 
Distributors 
Dealers 
Customers 


2. Those you buy from— 
Sales representatives 
Technical-staff members 
Executives 


3. Those you work with— 
Any imaginative talent 


Customers, and dealers and distributors who 
reach the customers, can contribute valuable ideas 
when they are approached properly. In the course 
of using almost any product, most people will have 
ideas about ways the product could be improved. 
Not only do people have ideas about particular 
products, but they think of things that they might 
like to see manufactured. These ideas are worth 
something to alert manufacturers. It is not easy 
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to get a total stranger to take time to give you 
the benefit of his thinking, but if gone about in 
the right way, it can be done. Those who buy, 
however, are not strangers. They have a stake 
in the success and the growth of business and can 
help themselves in the long run by taking time 
out to pass their ideas along. 

Those who are suppliers are in a similar position. 
From time to time, vendor’s executives, technical- 
staff members and sales representatives develop 
product opportunities which they don’t intend to 
exploit themselves. These may turn out to be 
particularly interesting. Certainly they are worth 
reviewing. Finally, closest to home, the em- 
ployees of the firm, from the office boy to the 
board of directors, represent important sources of 
product ideas. 


> Tapping the Source 


Stimulating a flow of ideas from these sources 
calls for a carefully planned attack. Ideas start 
to flow after you do three things: (1) Show people 
how ideas are important to themselves as well as 
to you; (2) Invite their aid; and (3) Maintain a 
climate favorable for the flow of ideas. 

Difficulty should not be encountered in showing 
those who are associated in any way with the 
firm’s business why new ideas are important to 
both parties. The nature of the common interest 
should be obvious. Beyond this, a simple request 
for assistance should be sufficient to enlist co-oper- 
ation. The request for aid should be a definite plea 
for help. Many competent people are timid about of- 
fering opinions unless specifically asked for their 
opinions; too often we have all been rebuffed when 
we have offered unwanted advice. This experi- 
ence makes even the most callous individual wary 
of expressing opinions. As a result, in the search 
for product ideas and suggestions, a very clear and 
pointed request for help must be made. 

Maintaining a climate favorable for the flow of 
ideas calls for a studied approach. Two consider- 
ations are fundamental to the process. First, 
remember to search for ideas, not screen them. 
No attempt should be made to evaluate; that 
comes later. Second, quantity, not quality, is 
required. The search for ideas should be exhaus- 
tive and nondiscriminating. 

To put these into practice means that in talking 
with others they must be drawn out by encourage- 
ment and positive stimulation. The following 
points will be well worth remembering in this con- 
nection: 

1. Do not criticize, qualify, or express reservations 

about suggestions that are offered. 

. Acknowledge every suggestion as one having 

potential merit. 

3. Encourage wild ideas. 

. Find an opportunity to read into the suggestion 

possible combinations and improvements. 

5. Give credit for ideas suggested. 

. Ask for expansion upon suggestions. 
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7. Keep ideas flowing--avoid discussion of tech- 
nical details. 

8. Compliment productivity. 

9. Reflect enthusiasm. 

10. Show appreciation. 


As part of a longer-range program, formalized 
educational programs can be set up to develop 
individual and group capacity for creative think- 
ing. The results of such programs have proved 
rewarding. 


Idea Development — A Management Responsi- 
bility: New ideas are as important to the long- 


Tips and Techniques 
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range growth and development of a business as new 
customers. The search for both should represent 
a fixed responsibility. Products have life spans 
of varying length which can be projected with 
reasonable accuracy. Such projections serve to 
emphasize the urgent necessity of recruiting new 
ideas. Searching for new-product ideas is one of 
management’s most important responsibilities in 
any corporation where emphasis is placed cn 
growth and stability of profit. 





Designing Tapers 


A design technique to be remembered when deal- 
ing with precision, mating tapered parts is that of 
relieving part of the surface of the male member. 
When relieved, the male member will produce a 


Exaggerate View of Effect 
of Tapered Bore 


_0.00€ 


0.010 


Grind 
Relieved Shaft 


nearly true seat even if the female is not ground 
perfectly true. The inherent cantilever-beam mount- 
ing of the spindle of the internal grinding wheel re- 
sults in an increased deflection as the grinding 
wheel progresses deeper into the bore. This may 
result in a crowned effect in the hub bore which 
will produce a “rocking” mount of the mating hub 
and shaft. 

To eliminate this condition, the center portion of 
the tapered shaft may be relieved by a 0.008 to 
0.010-in per side turning operation, as shown. The 
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relief length should be approximately one-third the 
tapered length. This relief will result in a firm fit 
of the mating surfaces and a true seat.—-GEORGE 
D. PHEIL, Racine, Wis. 


Identitying Layouts 


Large drawings or layouts are normally stored in 
rolls. When a particular drawing is needed, it is 
frequently necessary to unroll a number of them to 
locate the right one. Much time can be saved if the 
title, date and drawing or part number are lettered 
along the edge on both ends of the drawing. Thus, 
a roll can readily be identified without unrolling, 
no matter which end it was rolled from.—VINCENT 
Rossi, designer, General Electric Co., Syracuse, 
re 


Protecting Drawings 


The bottom edge of a drawing can be easily 
protected from becoming rolled up or torn from 
being caught by the draftsman’s clothing or tools. 
A metal or plastic strip is taped along one edge, 
hinge fashion, to the drafting board. When plac- 





Metal or plastic strip 
/ Drawing 











Drawing board 





ing a new sheet of paper on the board, its lower 
edge is placed under the hinged protective strip. 

If the paper has preprinted borders, the lower 
border can be aligned with the edge of the strip. 
The hinged strip may be then used to set or check 
the alignment of drafting-machine scales.—A. L. 
THURSTON, Los Angeles. 





Electrical shrink-fitting of large 
tie rods simplifies assembly and disas- 
sembly problems. In this design, each 
end of the tie rod is drilled to accom- 
modate an electric resistance heating 
unit. The tie rods, used in large presses 
by the E. W. Bliss Co., are heated uni- 
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formly for their entire length by the 
resistance units. Tie rod nuts are tight- 
ened when the rods have expanded a 
predetermined amount. The heating 
units are then removed, allowing the 
rods to cool, shrinking in place to de- 
velop the desired tension. 


Heating unit 
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Snap—actian switch 


Magnetic “memory messengers” 
offer a simple but effective approach to 
programming of variable, automatic index- 
ing or sequencing operations. In a con- 
veyorized processing machine reported by 
Sanvik Steel Inc., permanent horseshoe 
magnets are released and permitted to trav- 
el along a steel-belt conveyor at irregular- 
ly spaced intervals, according to a photo- 
electric signal. At the exit end of the ma- 
chine, each magnet acts as a “memory” 
unit to initiate a final operation in se- 
quence with a program determined by the 
magnet spacing along the conveyor. The 
magnets remain permanently on the con- 
veyor and return to the starting point for 
re-release by the programming device. 

In this application, the “messenger” sys- 
tem is employed on a machine that auto- 


Mineral-wool blankets 
unw 
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matically wraps mineral-wool insulation 
and then cuts the wrapped blankets apart. 
The wool blankets are in irregular lengths 
and the spaces between the blankets can 
not be readily located after wrapping. 
Spaces between incoming blankets are de- 
tected by a photoelectric system and the 
magnets are released one at a time to carry 
this information to the cutoff saw at the 
exit end of the machine. The released mag- 
nets, traveling on a steel-belt conveyor at 
the same speed as the processing conveyor, 
act as cams to trip a snap-action switch 
that actuates the cutoff saw. The magnets 
remain on the steel-belt conveyor and con- 
tinue around until they reach the input 
end of the machine, where they are re- 
tained by an escapement until released 
again by the detection circuit. 


Symmetrical mounting 
surfaces on gear-motor cas- 
ing permit optional assembly 
of head in four different posi- 
tions to vary location of out- 
put shaft. Designed by Port- 
able Electric Tools Inc., the 
locating surfaces for joining 
the head to the motor are 
symmetrical about both the 
horizontal and vertical cen- 
terlines. This permits locat- 
ing the output shaft in any of 
four positions relative to the 
motor-mounting surface. 
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Strainer shell — 
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Movable filter core in a strainer assembly 
permits automatic bypass of hydraulic fluid to 
prevent interruption of flow when core becomes 
clogged. Developed by the Rosaen Co., the filter 
core is normally held in place against the end- 
plate by a coil spring on the pump side. When 


Nonrotating field coil inelec- 
tric-clutch assembly eliminates the 
need for conventional collector 
rings, slip rings, or brushes. The 
coil of the Warner electric fan 
clutch, designed for use on inter- 
nal-combustion engines, is connect- 
ed directly to the voltage source. 
The rotor of the clutch is concen- 
tric with the field coil and is fas- 
tened to the driven sheave. The 
armature is mounted on the driven 
fan hub with leaf springs. When 
the field coil is energized, the 
springs flex and the armature be- 
comes magnetically coupled to the 
rotor, engaging and driving the fan. 
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the strainer will no longer pass fluid, the in- 


creased suction of the pump overcomes the 
spring and causes the core to move away from 
the endplate. Fluid may then pass through holes 
in the endplate, permitting bypass operation 


until core is cleaned or replaced. 


a 


Air gap 
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Rubber-tire drive joint accommodates 
misalignment and end-play and cushions shock 
and vibration. The Para-flex flexible coupling, 
developed in West Germany and adapted to 
American requirements by Dodge Mfg. Co., 
uses a rubber tire of conventional reinforced 
design as the power-transmitting element. At- 
tached to the driving and driven members 
by clamp rings, the tire has a transverse slit 
molded into it to facilitate assembly and dis- 
assembly. Flexing of the tire structure under 
load accommodates parallel and angular mis- 
alignment as well as axial movement of the 
drive members. In addition, the resilience of 
the tire material acts to cushion shock loads 
and torsional vibrations. 


Hinged butterfly plates contro! di- 
rection of fluid flow in a seatless valve 
design. Hinged in the center, the butter- 
fly plates collapse when flow is in one 
direction, giving a streamlined, straight- 
through liquid path. Upon flow reversal, the 
two plates swing outward, utilizing the body 
of the valve as a seat 
and providing full 
closing with either 
high or low fluid 
pressure. 
Developed by the 
Techno Corp., the 
butterfly plates are 
actually a one-piece 
flexible member that 
both forms a fluid 
seal and acts as its 
own hinge. Valve 
plates and clamps re- 
inforce the flexible 
member and add 
weight to assist op- 
eration. 
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Flexible Printed Circuits 


in electronic-equipment design 


Thin, flexible printed circuits are now be- 
ing applied successfully in electronic equip- 
ment packaging. Thin wiring boards are of 
value primarily because of their heat-form- 
able properties. in suitable packaging ap- 
plications, flexible wiring cards offer sub- 
stantial economies in fabrication and as- 
sembly, but such cards have limited useful- 


ness as rigidizing or ruggedizing members. 
Electronic packages incorporating flexible 
laminated boards can be made shock and 
vibration resistant through encapsulation in 
casting resins or rigid foams. 

In this article, application of flexible 
printed circuits in electronic packaging is dis- 
cussed first. In design, the wiring is printed 


S a result of increased application of printed 
circuitry in recent years, the need for metal- 
clad laminates of improved electrical and 

mechanical properties and greater versatility has 
also grown. Thin, flexible laminates, Figs. 1 and 2, 
have been developed as a result of this demand 
and are at least a partial answer to the prob- 
lems created by complex electronic circuitry and 
miniaturization. 

Flexible laminates are, in general, dielectric 
types of materials reinforced with glass fabric, 
paper, or thermoplastic fabrics of nylon, Orlon, 
or Dacron. They are held together by a binder, 
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usually either an epoxy or a phenolic resin. The 
laminates discussed here are produced with one of 
the reinforcements mentioned above and epoxy 
resin. Flexible, clad Teflon glass and Kel-F glass 
laminates have been marketed for a number of 
years, but their acceptance and application have 
been limited because of their high cost and the 
unpredictable adhesion of the conductor to the 
dielectric. Thin epoxy-glass laminates are easy to 
form, and because of this, will probably be widely 
used in electronic-equipment packaging. 

The thin, printed-circuit card, Fig. 1, is indis- 
pensable in any electronic-equipment package re- 
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Fig. 2—Spirally 
shaped printed cir- 
cuit. This design is 
particularly applica- 
ble in the design of 
electronic assem- 
blies that must be 
cylindrical in shape. 


Fig. 1—Printed-wiring circuit is 
bonded to a thin, flexible laminate 
board, left, before it is bent in form- 
ing die into a U shape, above. Circuit 
board at right above is fabricated 
with eyelets for a multiple-wire elec- . a : 
trical connector. 


By George Voida 
Sandia Corp. 
Albuquerque, N. M. 


on thin copper-clad laminates which are 
made principally of epoxy resins and rein- 
forcement materials. Specifically considered 
here are types of materials and their com- 
mercial availability, conductor-laminate 
bond-strength properties, shaping charac- 
teristics, and processing and operating sta- 
bility. 


quiring maximum wiring reliability, and where the 
board must turn corners, fit around components, 
conform to the configuration of the chassis, or 
fit within a minimum volume. The U-shaped de- 
sign, Fig. 1, is an exeellent example of the in- 
trinsic value of the flexible printed circuit. The 
single card not only replaced six separate boards 
in one application, but also eliminated 40 different 
soldered connections for interconnecting these 
boards and significantly increased the reliability 
of the printed circuit. Critical alignment tolerances 
of the two superimposed connector boards former- 
ly used across the base of the U were also eliminat- 
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Table 1—Weights and Thicknesses of 
Copper-Foil for Printed-Circuit Applications 





Approx. Weight Nominal Thickness Thickness Tolerances 
(oz /sq ft) qin (in. ) 


1 0.0014 


0.0004 0.0002 


0.0028 0.0007 0.0003 


0.0042 0.0009 0.0004 











ed. Since only minor fabrication problems have 
been encountered in the preproduction stages of 
two different packages in which U-shaped boards 
were used, the flexible-card design illustrates the 
adaptability of this system to mass assembly. 
The flexible card is also being considered for 
use in a strain-gage ampiifier package. This de- 
sign requires that the components be arranged 
to occupy about 75 to 80 per cent of the cylindrical 
space formed by the card. This printed-circuit ar- 
rangement is expected to eliminate some intricate 
wiring problems, materially reduce assembly costs, 
and make it possible to distribute the components 
within the available space to avoid hot-spot prob- 
lems.. Use of the flexible-card technique in this 
amplifier package is expected to make it econom- 
ical enough to be used as a throw-away item. 
Flexible laminates may prove to be suitable in 
such commercial applications as amplifiers, small 
radio transmitters and receivers, miniaturized hear- 
ing aids, and shields. They may also be useful as 
modular or plug-in subassemblies in television 
transmitting equipment, communication systems, 
switching or recording 


business machines, and 


equipment. For such applications it may be neces- 
sary to design the subunit so that individual com- 
ponents are readily accessible either for repair or 
replacement purposes. 

Pliability of the printed circuit may be signifi- 
cant in the production of microwave assemblies, 
in antennas, and in conductor-insulator strips for 
current-carrying or heat-transmission purposes. 

Flexible printed circuits may also be incorporat- 
ed in expendable subassemblies used in radio-sound 
equipment, aircraft equipment and guided missiles. 
In all of these applications, the subunits would 
be strictly throw-away items encased in casting 
resins or foams to protect the components against 
various environmental hazards. 


> Design and Fabrication Requirements 


Before designing a flexible printed circuit into 
an electronic package, it is necessary to evaluate 
carefully its suitability for the specific application. 
A number of limitations are imposed on the ma- 
terial because of its flexibility: (1) it is not a 
rigidizing member, (2) it may not be used as a 
supporting member for heavy components, and 
(3) it is unsuitable if unsupported for use where 
shock and vibration predominate. 

How heavy a component must be to be con- 
sidered unattachable to a flexible printed circuit 
is difficult to answer in specific terms of weight. 
Size of the package, distribution of the weight 


Fig. 3—Electronic subassembly and mold 
box for encapsulating unit in plastic. Note 
opening for electrical connector. 
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of the components, methods of mounting, and en- 
vironmental requirements must all be considered 
in the analysis. On the basis of assembly informa- 
tion now available, it is difficult to formulate even 
an empirical rule. As a rule-of-thumb, if in the 
course of normal fabrication the package can be 
picked up and supported by any portion of the 
printed circuit without distorting the card or 
breaking the soldered joints, the unit may be con- 
sidered within the proper weight limits. 

In some applications, overweight components 
would be externally supported independently of 
the printed card. Under these circumstances stress- 
es on card and soldered connections would be elim- 
inated. This would also apply to packages which 
are to be potted or encased. In Fig. 3 is show) a 
typical electronic subassembly and a mold |)0x 
for potting the unit. 


> Types of Flexible Laminates 


Only a few fabricators are now producing thin 
or flexible-clad laminates. As the versatility of 
these materials becomes better known, more sup- 
pliers will probably establish them as stock items 
to meet the demand. Evaluations of various flexible 
laminates are presented here, and data are based on 
actual tests made by the author. 

In general, clad materials of this type are avail- 
able with either 1 or 2-ounce copper conductor 
bonded on one or both sides of the laminate. Clad 
products with 3-ounce copper can be obtained on 
special orders, but these are not recommended for 
designs in which the inherently pliable and form- 
able characteristics of the material are needed. 
Table 1 lists weight and thickness data on copper 
foil. 


Glass-Fabric Reinforced Laminates: Glass-epoxy 
laminates were found to be superior to the other 
materials investigated in fabrication qualities. This 
group is, therefore, recommended for general ap- 
plication in printed circuitry. 

In Table 2 are listed construction and flexibility 
properties of four types of glass-fabric epoxy- 
impregnated reinforced laminates. Laminate A is 
unique in that it can be formed at room tempera- 
ture. Bends can be made either manually or me- 
chanically, and they will retain their shape even 
after extended period of storage at room temper- 


ature. Some formed printed-circuit boards were 





Table 2-——Construction and Flexibility Properties 
of Epoxy-Glass Laminates 





Overall 


Thickness 


No. Ply Thickness 


Lami- of (mils) Laminate 


nate Plies No.l No.2 No.3 (mils) Formability 





Room temp. formable 
20.0 Heat formable 


8 H 18.5 Heat formable 


* 


Nonformable 
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placed on edge in an oven at 165 F for %-hour 
and showed no tendency to relax. Prolonged ex- 
posure at this temperature would undoubtedly pro- 
duce advanced postcure. Laminate A boards were 
postbaked at 250 F for 30 minutes. The laminate 
did not change shape, but it did become sufficiently 
postcured to make further bending and forming 
impossible. 

Clad-epoxy laminates B and C have similar phys- 
ical characteristics and are equally formable. Both 
require identical preheating conditions for forma- 
tion, and each becomes slightly misshaped when 
exposed to temperatures as high as 165 F. The 
boards can, however, be rebent to the desired con- 
figuration because slight relaxation and deforma- 
tion does not affect the pliability of the laminate 
in the bend areas. When these materials are post- 
cured for about 1 hour at 250 F, they become rigid 
enough to prevent further bending or forming. If 
bending is attempted at this stage, the glass plies 
will delaminate and the conductor will crinkle and 
separate from the dielectric base. 

Clad laminate D, which was also of a glass- 
epoxy construction, was considerably different from 
the other materials just described. To form this 
material, temperatures 100 to 150 degrees higher 
than those used for laminates B and C are needed. 
Even at these higher temperatures, laminate D is 
not sufficiently phable to be shaped without frac- 
turing and delaminating. It was, therefore, as- 
sumed that this laminate was constructed of coars- 
er glass-fabric plies or that a greater number of 
plies were used. However, pyrolysis, recovery, and 


Fig. 4—Typical pull-test specimen for deter- 


mining conductor-laminate bond strength. 










































gaging tests on the separate glass reinforcements 
showed that the laminate construction and the ply 
thicknesses were identical with those of laminates 
B and C. Data in Table 2 give details on the con- 
struction of the four epoxy-glass laminates, and 
reveal that the type, number, and thickness of 
the reinforcement are not necessarily the factors 


which govern the flexibility of the materials. Flex- 
ibility of the laminates is, therefore, obviously de- 
termined by the state of cure of the resin binder 
and to some limited extent by the type of reinforce- 
ment used. Flexibility and formability of the epoxy- 
glass laminates may have occurred without any 
design on the part of the fabricators. To retain 


Fig. 5—Distribution of pull values in pounds over a 3 by 3-in. test board made of 
paper-epoxy laminate, a, glass-epoxy laminate, b, and Orlon-epoxy laminate, c¢. 
Frequency distribution of pull-test values for the paper, glass and Orlon-epoxy 
laminates are shown in charts d, e and f, respectively. 
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these desirable properties and their reproducibility 
in subsequent production lots, it may, therefore, 
be necessary to define the desired intermediate 
state of resin cure in a formal NEMA or MIL speci- 
fication. 


Orlon-Fabric Reinforcement: The Orlon-epoxy 
laminate is available in a thickness of 10 to 12 
mils with either 1 or 2-ounce copper on one or 
both sides of the dielectric. The Orlon fabric could 
not be removed from the laminate tested to deter- 
mine whether the laminate consists of a single-ply 
or multiple-ply construction. Visual inspection, how- 
ever, indicated that the construction is single layer. 
The Orlon epoxy required heat for shaping, was 
distortable if exposed to elevated temperatures, 
was reformable on the application of heat, and was 
postcured to nonflexibility om exposure to 250 F. 
Processing Orlon-epoxy boards and assembling them 
into electronic packages demonstrated that they 
had greater dimensional instability and heat sensi- 
tivity as compared to glass-epoxy types. For these 
reasons, the Orlon-epoxy laminates cannot be used 
as widely in high-temperature wiring applications 
as can the glass epoxies. 


Nylon-Fabric Reinforcement: Many producers 
carry nylon-phenolic laminates as a stock item. 
It is obtainable in a minimum thickness of 15 mils. 
For this investigation, a 1/32-inch thick laminate 
was evaluated. The nylon phenolic is heat-formable 
under the conditions described for the epoxy lam- 
inates. Although not as widely used as the epoxy 
laminates, nylon-phenolic laminates are electrically 
superior to the epoxies. 


Paper Reinforcement: Thin-paper epoxy lam- 
inates must be handled carefully during fabrication 
to prevent fracturing at the bends during forming. 
If the material is to be drilled or punched, care 
is needed to prevent the laminate from fracturing 


Fig. 6—Effects of an elevated temperature of 
240 F on conductor-laminate adhesion. 
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around the hole. When postcured, the laminate 
becomes extremely brittle, although the advam ed 
cure greatly improves the conductor-laminate hond 
strength as will be shown later in this article. 
Because of the mechanical disadvantages of the 
thin-paper epoxy laminate and the slight cost dif- 
ferential when compared with epoxy-g!ass, the thin- 
paper epoxy laminate is not recommended as a wir- 
ing card in electronic equipment. 


General Remarks: Pliability of the thin laminates 
is largely determined by the degree of cure of the 
resin binder and by the type of reinforcement 
employed. Materials such as the Orlon-epoxy and 
glass-epoxy laminate A can be formed at room 
temperature. The Orlon-epoxy material exhibits pro- 
nounced recovery unless it is simultaneously post- 
cured upon formation. Laminate A showed almost 
no relaxation if it is shaped at room temperature 
and then postcured. The formable materials can be 
bent to a radius of 1/32-inch without difficulty. 


> Shaping Characteristics and Flexibility 


When the formable laminates are heated, they 
soften considerably and can be shaped into various 
configurations, Figs. 1 and 2. Preheating at 250 
to 300 F for 1% to 2 minutes produces the required 
softening. One printed-circuit card tested was 
placed in a forming device and shaped by mating 
the two sections of the tool, Fig. 1. No portion 
of the tool was heated, and shaping had to be 
performed rapidly before the heat dissipated from 
the card. To minimize relaxation or springback 
of the printed circuit after forming, it is advan- 
tageous to employ a nonheated tool. The entire 
forming operation must be performed in about 
5 to 10 seconds. Even though the card is positively 
aligned and centered in the tool, the formed state 
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may not always be symmetrical because of slip- 
page which occurs when tool parts are mated. 
Lubrication of the tool surfaces with silicone grease 
helps to reduce drag of the conductor pattern over 
these surfaces. 

The technique described in the previous para- 
graph was used to form a card with eyelets crimped 
in place, which is also illustrated in Fig. 1. This 
card was formed with the forming tool shown 
in Fig. 1, but this tool would not be satisfactory 
except for experimental use because there is not 
enough clearance between its parts. It would be 
advantageous to put the eyelets into the card be- 
fore it is formed if circumstances permit, because 
posteyeletting may present some perplexing in- 
sertion and crimping problems. In designing post- 
formable printed circuits, it is necessary to locate 
eyelets away from the immediate bend regions. 

The spirally shaped cards, Fig. 2, were first 
preheated at 250 F for a few minutes, then con- 
centrically wound while still hot with a ‘-in. 
thick Silastic spacer, secured to prevent unrav- 
elling, and postcured for about 30 minutes at 250 F. 
A spiral printed circuit is particularly useful in 
designing for confined cylindrical packages and 
miniaturization. 


> Heat-Resistance Characteristics 


Thin laminates, particularly those containing 
thermoplastic reinforcements, such as Orlon, nylon, 
and Dacron, must not be exposed to excessive tem- 
peratures. These materials shrink appreciably, if 
the temperatures during photoprocessing, etching, 
postcleaning, and soldering are not controlled. For 
example, it has already been observed that Orlon 
epoxy shrivels noticeably and shrinks about 1 per 
cent when exposed to the hot fixing temperatures 
of the etch resist at 425 F for about 2 minutes 
or when exposed to the hot-solution treatment used 
to remove the resist. Dimensional changes of this 
magnitude would make a printed-circuit card un- 
usable when close tolerances must be maintained 
and multiple-wire components are used in the pack- 
age. 

The Orlon-base epoxy is also affected by the 
heat needed for manual soldering. Special precau- 
tions must be used to prevent direct contact be- 
tween the soldering-iron tip and any portion of 
the dielectric. If physical contact is made, the 
laminate will discolor. The degree of discoloration 
indicates the degree of thermal degradation. Dis- 
coloration is, thus, a measure of the dielectric 
and insulation impairment of the material. Any ad- 
verse exposure of this nature must be avoided. 

Fluxes are not, in general, injurious to the elec- 
trical or the structural properties of an epoxy 
laminate if its surface is unmarred. If, however, 
the surface of the laminate is broken or ruptured, 
a plasticizing reaction of the rosin constituents 
with the epoxy-resin binder results. When this 
occurs, the surface structure of all epoxy laminates 
is severely deteriorated within a short time with- 
out regard to the reinforcing materials or the 
environmental conditions. When epoxy laminates 
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with maximum thermal resistance are required be- 
cause of processing and assembly conditions, it is 
advisable to select epoxy-glass as the printed-cir- 
cuit material. 


> Conductor-Laminate Bond Strength 


Variations in conductor-laminate bond strength 
are caused by a complex set of factors. Materials 
used in the product affect the bond strength. The 
characteristics of these materials can be changed 
during fabrication, processing, and assembly. And 
finally, the characteristics of the material may be 
changed by the environments in which work is 
done. All of these factors combine to determine 
the bond strength of the final product. 


Clad-Laminate Fabrication: Since the quality of 
adhesion is influenced by the specific properties 
of the separate constituents of the clad-product, 
it is essential to consider the physical and chemical 
behavior of the parts before and during fabrica- 
tion into a finished product. The history of each 
of the materials before it is incorporated into the 
laminate is important. If, for example, the glass- 
fabric reinforcement is improperly desized, im- 
properly finished, insufficiently dried, contaminat- 
ed, haphazardly impregnated, or has variable thick- 
ness, it is apparent that adhesion may be seriously 
affected by any one of a number of deficiencies of a 
single constituent. In epoxy-glass laminates sources 
of flaws which jeopardize adhesion are: 


1. Surface treatment of the glass reinforcement. 

2. Impregnation of the reinforcement. 

3. Volatiles in the resin binder. 

4. Plasticizers in the resin binder. 

5. Thickness uniformity of the adhesive, if used. 

}. Volatiles in the adhesive. 

. Thickness uniformity of the copper conductor. 

3. Prepriming and priming treatments of the 
copper surface. 

. Contamination of materials. 

. Time, temperature, and pressure during cure. 

. Thickness and density of the resin adhesive at 
the copper-reinforcement interface. 

2. Overall thickness uniformity of the clad lami- 
nate. 


The variety of these sources illustrates the neces- 
sity for maintaining uniformity if uniform ad- 
hesive properties are to be produced. 


Printed-Circuit Processing: During photoetching, 
adhesion can be severely degraded if the resin 
at the copper-laminate interface is sensitive to 
(1) elevated temperatures, (2) moisture, (3) etch- 
ing solutions, (4) solvents for removing resists, 
(5) plating solutions, or (6) any of these fluids 
in combination with elevated temperatures. Poor 
adhesion caused by photoetching is usually char- 
acterized by blistering and separation of the con- 
ductor and can readily be detected by visual in- 
spection. 


Printed-Circuit Assembly: If adhesion is poor, it 
may deteriorate even more if the card is flexed 
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during processing or assembly, exposed to molten 
solder or to the various fluxing agents, or brought 
in contact with flux removers. 


Bond-Strength Evaluation Data: Conductor-lam- 
inate bond strength is a controversial subject be- 
cause of the many factors that influence adhesion 
and because of the variety of methods used to 
evaluate the strength of adhesion. No attempt 
will be made here to judge the merits of the dif- 
ferent test methods. Comprehensive data obtained 
by the spot-pull test method are, however, rather 
revealing and interesting. By the spot-puli test 
method, bond strength is determined after the 
printed circuit has been exposed to all of the proc- 
essing and assembly environments and thus is a 
precise measure of ultimate adhesion reliability. 
These data should be carefully analyzed in order 
to judge the merits of this procedure versus the 
widely accepted peel method. 

A typical specimen is shown in Fig. 4 which 
was used to measure bond strength. The 1'-in. 
circular areas on the card were produced by photo- 
etching. The thin cards were bonded to an epoxy- 
impregnated glass-fabric laminate that was 1/16- 
in. thick to give them the rigidity needed in test- 
ing. A wire was soldered to the 14-in. land so that 
it was perpendicular to the card. When the card 
and the attached pull wire were brought to equi- 
librium at room temperature, the specimen was 
secured in a tensile-strength machine. 

A force increasing uniformly at the rate of 0.5- 
lb per second was applied through the wire to 
the '-in. conductor area. The force was exerted 
in a plane perpendicular to the plane of the printed- 
circuit board. The force in pounds at the instant 
of separation of the copper or rupture within the 
laminate surface was recorded as the bond strength 
between conductor and dielectric. Epoxy laminates 
in general, however, broke down within the lam- 
inate rather than separating at the “glue-line,” 
as might have been expected. The actual bond 
strength in most cases, therefore, exceeds the val- 
ues reported here. 

Bond values in pounds at numerous points over 
3 by 3-inch boards tested are shown in Figs. 5a, 
b and c¢ for paper, glass and Orlon-fabric epoxy- 
impregnated laminates, respectively. The bond-dis- 
tribution values of the laminates reveal the ran- 
domness with which subnormal adhesion occurs 
over the specimen. Poor adhesion, since it does 
not conform to an established pattern, is attributed 
to the fabrication irregularities which were enu- 
merated earlier. Despite these persistent materials 
and fabrication variables, reproducible bond- 
strength values of about 45 pounds can and have 
been produced commercially and can be expected 
when epoxies are used as the binding and the 
adhesive agents. 

Frequency-distribution plots of laminate-bond- 
strength values are shown in Figs. 5d, e and f. 
Note that the frequency-distribution plot for the 
glass-epoxy laminate C closely resembles a normal 
distribution curve and that only three pulls were 
less than 19 pounds. The average bond-strength 
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value for laminate C was 37 pounds which is equiv- 
alent to almost 3000 psi. 

Bond-strength values of the Orlon-epoxy lami- 
nate are plotted in Fig. 5f on a scale different from 
those of the other laminates. The skewed distribu- 
tion may be an indication of the predominating in- 
fluence of the thermoplastic reinforcement on ad- 
hesion. 

Six specimens were exposed to 240 F to deter- 
mine the effects of elevated temperature with time 
on the adhesion of the copper to the laminate. 
Heat had a beneficial effect om adhesion. The 
maximum effect was produced within 4 to 24 hours 
at 240 F, and the bond strength improved by as 
much as 30 to 100 per cent, Fig. 6. Each point 
on the graph represents an average of five pull- 
test values. These values conform generally to the 
frequency-distribution plots shown in Figs. 5d, e 
and f. Since almost insignificant degradation in ad- 
hesive strength occurred after 2 weeks of exposure 
at 240 F, it is evident that the bond has satis- 
factory high-temperature resistance. 

Effects of thermal cycling on adhesion were also 
studied. Each cycle consisted of exposure for 3 hr 
at 165 F and 3 hr at —65 F. The specimens were 
transferred immediately from the elevated to the 
subzero temperature and were permitted to attain 
room-temperature equilibrium before pull testing 
was conducted. Change in adhesion with cycling was 
graphed, and each plot represented the average 
of five pull-test values. In general, adhesion showed 
a steady improvement with cycling, but a down- 
swing in adhesive strength occurred after 15 cy- 
cles. Similar behavior after 20 to 40 cycles was 
noted in previous investigations with XXXP, nylon- 
phenolic, and epoxy-glass laminates. But upon fur- 
ther cycling up to 90 complete cycles, the bond 
strength increased steadily. There is no explana- 
tion for this phenomenon at the present time, but 
it may be stated that for practical purposes ther- 
mal cycling has no deleterious effects on adhesive 
strength. 





Tips and 
Techniques 





Making Templates 


Drawing templates may be easily made from 
0.020-in. thick acetate sheet stock. The acetate is 
scored with a sharp scriber or razor blade to the 
desired shape and the material is pushed out of the 
template by heavy finger pressure, similar to the 
method used in cutting window panes. The outline 
of the desired shape is left. The edges are then 
sanded lightly to give a smooth edge for the pencil 
point to follow when drawing. The length and 
width of the opening should by 1/64-in. larger than 
the nominal size for a pencil allowance.—A. E. 
MacistTro, Landing, N. J. 





Quantitative design of 


SERVO 


SYSTEMS 


Part 1—Terms Affecting Gain and Phase 


and stability of closed-loop systems by the 

addition of elements having special charac- 
teristics were discussed in earlier articles.’-13 Two 
approaches were outlined: (1) modifying the net- 
work in cascade with other elements in the for- 
ward path, and (2) modifying elements in a sub- 
sidiary feedback loop, Fig. 1. 

In each of these diagrams Y,(s) represents the 
transfer function of the forward path before the 
modifying elements are added. It will consist 
mainly of terms due to the lags inherent in the 
amplifier-motor system. These lags cause perform- 
ance to deteriorate, and if performance require- 
ments cannot be met, suitable networks must then 
be devised to compensate for any deficiencies. 

A qualitative approach was made to this prob- 
lem in the last article, showing that in many cases 
deficiencies can be remedied by using certain stand- 
ard-form networks—for example, proportional-plus- 
derivative (phase advance) and proportional-plus- 
integral. In a specific design problem, it is neces- 
sary to assign definite values to network param- 
eters not merely to specify the form of network 
required. This should be done in a methodical 
and simple fashion if possible. The purpose of 
this article is to outline some short-cut methods 
which yield, often by approximation, values for 


CD asa sta of improving the performance 


1References are tabulated at end of article 
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network parameters very rapidly. Of equal im- 
portance is that these methods often suggest the 
form of the compensating network required. The 
errors introduced by approximation are usually un- 
important in making initial design calculations. 


Logarithmic Response Curves: The loop response 
function for a single-loop system having only lag 
terms has been found to be of the general form, 

K 
(jo) "(1 + joT:) ... (1 + JoT2 + w?T 52)... 
(1) 

In general there will be a number of simple and 
quadratic lag terms in the denominator. A direct 
assessment of system performance can be made 
by plotting the locus of vector Y,(jw). One way 
of doing this is to obtain expressions for the am- 
plitude ratio N(w») and phase ¥(w), relating out- 
put @, to error e for sinusoidal signals. These are 
respectively the modulus and argument of Y,(jw). 
It will now be shown that by taking the logarithm 
of Y,(jo) the determination of amplitude and 
phase characteristics can be greatly simplified: 


Y,(jo) = 


log Y,(jw) = log [N(w)ei¥()] = log N(w) + jy(w) (2) 


It is convenient to separate real and imaginary 
parts and to plot log N and y separately against 
frequency ». That is, if Y,(jw) is the product of 


Fig. 1—Two possible methods of 
improving performance. At 4, 
modifying network is cascaded 
with main loop elements. At 4, 
modifying element is placed in 
subsidiary feedback loop. 
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by frequency-response 


the transfer functions Y,;(jw), Yo(jw), ..., of a 


number of elements in cascade, then 


log N (w) 
y(w) 


log N,(w) 


Y2(w) 


r log 2 | T cee 

ie + Sehoeae (2) 
where N;, ¥; are the modulus and argument of 
Y, (jo), and so on. Quantities such as log N, are 
generally called the gain of the particular element, 
while —log N, is called its attenuation. Thus to 
find the gain and phase of a system composed 
of a number of elements in cascade it is merely 
necessary to add the respective components of ail 
the elements in the chain. 

While there is no objection to using natural 
logarithms to define gain, it is more common 
among engineers to choose a base of 10. Then, 
following practice adopted in other fields, gain is 
defined as 


A(w) = 20 logio N(w) (4) 


Although this is only a numerical quantity, it 
is usual to assign units called decibels to this 
quantity. Thus, if at a certain frequency a device 
has an amplitude ratio N of 100, its gain at that 
frequency is 40 decibels (db). If over a certain 
frequency range the gain increases by 20 db, then 
the amplitude ratio at the frequency at the end 
of the range is ten times the value at the initial 
frequency. If the gain at one frequency is double 


methods 


By J. M. Nightingale 
Manchester, England 


Nomenclature 





A(w) Loop gain in decibels 
Ai(w),... Gains in decibels 
a Constant 
e Error 
H = Constant 
K = Scalar gain constant 
k Constant 
M(w) = Overall amplitude ratio 
N(w) = Loop amplitude ratio 
N,(w),... = Amplitude ratios 
n Constant 
Pi... Poles 
Order of servo 
Laplace operator 
Time constant 
Time constants 
Nondimensional frequency variable 
Nondimensional frequency 
Transfer function 
Loop transfer function 
Loop harmonic response function 
Transfer function 
Zeros 
= Loop phase angle 
Phase angles 
Output and input 
Frequency variable 
Overall phase 
T Time delay 


é Damping ratio 


}(w) 





Fig. 2—Plot of gain 
characteristics for 
simple lag term. Actu- 
al curve may be ap- 
proximated by 
straight-line segments, 
but this will involve 
an error,not more than 
3 db, which should 
be corrected when an 
accurate plot is made. 
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the gain at another frequency, then the amplitude 
ratio at the first frequency is the square of the 
amplitude ratio at the second frequency. 
Further advantages of logarithmic plots are 
available if a logarithmic frequency scale is also 
chosen. Thus the abscissas x of the plots should 
be expressed in terms of nondimensional frequency 


re 
X log ( (5) 
W 
where , is the frequency chosen at x 0, and, 
if logarithms to the base 10 are used, X is the 
value of x corresponding to w 10u,.- 

The need to graduate a frequency scale using 
Equation 5 is unnecessary if graph paper is avail- 
able whose horizontal scale is graduated logarith- 
mically, Figs. 2, 3, 4. In this case frequencies can 
be marked directly starting with a sufficiently 
low frequency w,. The frequency range w, to 10, 
is called a decade, and if the logarithmic base is 
10, the graph-paper ‘‘pattern”’ repeats itself over 
successive decades. 

Next, consider the contributions to gain and 
phase by terms making up a typical transfer 
function. 


Example I 


Here 


A(w) 


WY (w) 


10 log (1 w* T2) } 
tan '(T) \ 


(6) 


These equations take the form shown by the 
solid curve in Figs. 2 and 3. It will be seen that 
if they are approximated by the straight-line seg- 
ments shown dashed, however, the errors in- 
volved are only slight. The gain approximations 
are continuations of the low and high-frequency 
asymptotes which join at the so-called break fre- 
quency w 1/2. (he ZO toe ar for aT = 1: 
A = 20 log 1 0 for »T = 1.) The only reason 
for the choice of phase approximation is that it 


is the straight line which involves the most reason- 
able errors. 

These straight-line approximations can be used 
with a fair degree of success at an initial design 
stage but, of course, necessary corrections must be 
made when an accurate plot is required at a later 
stage. The corrections which must be made can 
be seen in Figs. 2 and 3. It will be seen that the 
greatest error involved in using the asymptotic 
gain approximation is 3 db occurring at the break 
frequency, while the greatest error in phase is 
about 5 deg. 

Note that the gain asymptote has a slope of 

20 db per decade while the phase angle tends 
to 90 deg for high frequencies. For a term 
1 + jwT7 appearing in the numerator (i.e., a phase 
lead term) the gain and phase diagrams are nu- 
merically equal to the case just considered, but 
they are reversed in sign. Thus the high-frequency 
gain asymptote has a slope of +20 db per decade, 
while the phase angle tends to +90 deg. 


Example 2 


Y (jw) 


1+ jwT, w* Tr»? 


It has been shown that quadratic lag terms can 
conveniently be described in terms of a character- 
istic frequency », and a damping ratio ¢. Here 
On Ls ie T,,2T.. The asymptotic behavior 
of Y(j) in this case is 


wT, = 1 A(w) = 0db 

Y(w) = 0 deg 

A(w) decreases at constant slope—-40 db 
per decade 

¥(w) approaches 180 deg 


The asymptotes are shown in Fig. 4 (dashed 
curves). The break frequency is w 1/f;.. In 
this case, however, variations in ¢ can cause great 
changes in the gain and phase characteristics and 
for this reason the asymptotic approximations are 
not at all suitable. In all cases it is advisable to 
apply corrections to the asymptotic values. These 





Fig. 3—Plot of phase 
characteristics of sim- 
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approximation 


ple lag term. The 
straight-line approxi- 
mations here give an 
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error which at worst is 
no more than 5 deg. 
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Fig. 4—Dashed curves give straight-line approxima- 
tions to gain and phase characteristics for a quad- 
ratic lag term. In this case the corrections which have 
to be applied will depend on the damping ratio ¢. 
Phase corrections, at 5, form a symmetrical pattern 
about » T» 1, only half of which is shown. For 
frequencies above this value the corrections to be 
added to the approximate curve are positive. 
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are plotted for various values of ¢ in Fig. 4 (solid 
curves). 


Example 3 
K 
Y (jw) 
(jw) 

This term lumps together as a nondimensional 
factor the frequency characteristics of all the in- 
tegrations in the forward path and the loop scalar 
gain constant K. The gain characteristics are 
the straight lines shown in Fig. 5a (no need to ap- 
proximate here). Because the gain constant K 
very often has to be selected by consideration of 
the complete system, it is very convenient to split 
the gain curve into two separate components as 
shown in Fig. 5b. The scalar gain K is now asso- 
ciated with the line parallel to the w-axis. The 
phase angle is constant at r 90 deg for all 
frequencies. 


Application: Now this technique can be applied 
to a typical servo. Let the loop response function 
of the system be 

K 


0.6 jw 


Y,, (jw) 


jw (1 0.2 jw) (1 0.25 w*) 


The separate components of the various factors 
are shown by the solid curves of Fig. 6, while the 
resultant gain and phase curves, found by adding 


20 db per decade 





Fig. S—At a, gain characteristic for K/(jw)'. Curve 

can be broken down into two components as shown 

at 5. In this case the phase angle is constant at r 
90 deg. 
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the components, are shown dashed. The gain 
curve is plotted for K = 0.6. 

It will be realized that the value of K merely 
lifts the gain curve by the corresponding number 
of decibels, and this affords a particularly con- 
venient way of determining a suitable value of 
K if the gain and phase margin criteria are used. 
These quantities are defined in Fig. 6. Note that 
the phase margin is exactly that defined in Ref- 
erence 4, but the gain margin definition here is 
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Fig. 6—Gain and phase of component factors of a 
typical loop transfer function. These components can 
be added to give the net characteristics of the loop 
— function. Gain and phase margins are simply 
defined by means of these diagrams. 
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rather different. Suitable values for phase margins 
are between 30 and 45 deg. For gain margin, 
values between 6 db and 12 db are recommended 
with a mean value probably about right. These 
figures give a guide to good relative stability, since 
the phase margin must be at least greater than 
zero to insure stability. Thus the initial design 
procedure is to plot only frequency-sensitive 
asymptotes (i.e., ignoring K) and to lift up the 
gain curve until the stability margins are right. 
Then the amount the gain curve is shifted gives 


the value of K in decibels. 
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Print Hanger 


A quick, easy and inexpensive method of storing 
large blueprints, without folding, is to hang them 
vertically from wooden coat hangers. An ordinary 
coat hanger is shortened on each end to an overall 


Hanger 


— Snap ring 


Reinforcement 


_- Print 











length of 914 in. Two holes are then drilled in the 
hanger, 81% in. apart. Two holes are punched in 
one end of the prints with a standard 81-in.-space 
paper punch. The holes should be furnished with 
gummed reinforcements. Snap rings are used to 
fasten a group of prints to each hanger.—J. C. 
GARNER, Raytheon Mfg. Co., Wayland, Mass. 
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General equations for finding 


Curves 


By H. H. Pan 

Assistant Professor of General Engineering 
Urbana, Il. 

University of Illinois 


"\ ESIGNING a plate cam with a roller-contact 
D type follower usually does not end after suc- 
cessfully obtaining the desired pitch curve. 
Finding the cam curve which defines the actual 
cam surface is also required im some cases, so 
that from that curve a master cam can be made, 
Fig. 1. In other cases, if the cam is cut with a 
cutter size different from that of the follower- 
roller, the trace of the cutter path—the cutter 
pitch curve—should also be known in order to 
cut the right profile of the cam. 

For cams running at low speeds this does not 
constitute a problem since both the cam curve and 
the cutter path can very easily be determined 
graphically. For example, to find the cam curve, 
one needs only to draw a series of circles having 
their radii equal to the radius of the follower- 
roller and with their centers lying on the pitch 
curve. The cam curve is nothing but the envelope 
of these circles. However, in the design of high- 
speed cams, the graphical method can not be used 
because of its relative inaccuracy. In such cases, 
deviation from the desired curve will result in 
poor dynamic performance of the cam. Therefore, 
the cam curve or the cutter path should be deter- 
mined analytically. General equations for these 
curves are derived in the following manner in polar 
co-ordinates to facilitate such determination. These 
equations can be used to find the cam curve or 
cutter path when the pitch curve is given. A later 
section discusses how to obtain pitch curves. 


Cam Curve: In Fig. 2 varying position-vector 
R, defines the pitch curve, and varying position- 
vector R defines the cam curve. Also N, denotes 
tne unit normai vector to the pitch curve, N de- 
notes the unit normal vector to the cam curve, 
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Fig. 1—Cam and cutter curves of a typical cam. 








Fig. 2—Portion of cam and pitch curves show- 
ing nomenclature employed in analysis. 





and r denotes the radius of the follower-roller. 
Then, adding vectorially, 


R, R (=Nr) (1) 


The minus sign is chosen when the center of curv- 
ature and center of cam rotation, point O, are at 
the same side of the curve. 

If R, and R are both expressed in the function 
of respective curve lengths s, and s from some 
fixed points on the curves, differentiation of both 
members of Equation 1 with respect to s gives 


dR, ds, dR dN 


ds, ds ds — ds 


dR, 


ds, 


where T, and T are unit tangent vectors to the 


pitch curve and to the cam curve respectively, 
Fig. 3. By Frenet’s formula 


dN 
xT 
ds 
where «x is the curvature of the pitch curve. Sub- 
stituting, then, 


ds 
T, (1 + er)T 
ds 


ds and (1 xr) are both scalar quantities, 


Nomenclature 





Offset of reciprocating follower 

Distance between centers of cam shaft and 
follower swing-arm pivot 

Unit normal vector to cam curve 

Unit normal vector to pitch curve 
Position-vector defining cam curve 
Position-vector defining pitch curve 
Radius of base circle of pitch curve 
Ragius of follower swing-arm 

Radius of follower-roller 

Distance along cam curve of R from a fixed 
point on the curve 

Distance along pitch curve of R, from a 
fixed point on the curve 

Unit tangent vector to cam curve 

Unit tangent vector to pitch curve 

Linear displacement of reciprocating fol- 
lower 

Angular displacement of 
follower 

Angle between R and R, 
Angle subtended on cam center by displace- 
ment of follower-roller center (correction 
angle ) 

Angle of R from a reference line 


swinging type 


Angle of R,; from a reference line 
Curvature of pitch curve 

Angle between centerline of reciprocating 
follower and cam radius through reference 
point 

Angle rotated by cam 





since two vectors are equal, they should have the 
same direction, and since both T, and T are unit 
vectors by definition, so T, must be equal to T. 
Therefore, these two curves are parallel. Hence, 


R R, Nir (2) 
This is the vector expression for the cam curve 
expressed in terms of the pitch curve. 

Dot products of both members of Equation 2 
into themselves give 


R,? + r° 2Rir cos (N;, R;) 


cos (N,, R;) sin (T,, R,;) 


R,; Aé, 
gin (7, BB) = 
As, 





Fig. 3—Portion of pitch curve showing that 6 
may be either plus or minus according to 
whether the curve bends away from the center 
of cam rotation, O, or toward it. 
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As=z V (R; AR, ) 2 (46)? (AR, )* 


Then, causing A# to approach zero gives an exact 


expression for sin (T,, R,) as the limit, 


R, d 6, 


sin (T,, R;) 





V (Rid 6;)2 + (dR,)2 


1 
dR, \* 
\ 1+ ( — 
R,dé,; 
Substitution into Equation 3 yields 


2R, 7 


Voe( 


The direction of vector R, Figs. 2 and 3, is 


R- R,- 


R,dé@, 


¢@=06,+8 


As shown in Fig. 3, § is a positive quantity when 
the curve bends away from point O and is a neg- 
ative quantity when the curve bends toward point 
0. 

By sine law, 


r sin (N,, R;) R sin § 


But 
sin (N;, R;) 


Therefore 


Fig. 4—Geometry for obtaining pitch curve of 
cam for a swinging type follower. 
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dR, - 
R,dé, 


Yas | 
Hence, in polar co-ordinates the equations for cam 


curve are 


/ 
| dR, : 
RY tae 


) 

It is to be noticed here than when the curve 
bends away from point O, dR,/R,dé, is positive, 
which makes § positive. When the curve bends 
toward point O, dR,/R,dé, is negative, making § 
negative. This agrees with the fact that vector 
R leads vector R, when the curve bends away from 
point O and falls behind vector R, when the curve 
bends toward point O. 


R, dé, 


Cutter Path: Equations 5a and b could also be 
used to find the cutter path if the algebraic dif- 
ference between the radius of the follower-roller 


5—Geometry for obtaining pitch curve of 
for a reciprocating follower. 
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and the radius of the cutter is substituted for r. 
Radius of the cutter should be subtracted from 
the radius of the follower-roller to get this dif- 
ference. This difference is positive when the cut- 
ter is smaller than the follower-roller and is neg- 
ative when the cutter is larger than the follower- 
roller. Care must be taken not to use a cutter so 
large as to undercut the cam profile. 


Obtaining Pitch Curve: Equations 5a and b are 
derived for use when the pitch curve is given. If 
the pitch curve is not given, it can be obtained 
to meet the desired time-motion relationship of 
the follower in the following manner. : 

The motion is usually denoted by the amount 
of displacement of the follower from a certain 
chosen reference point or reference line. In the 
case of a swinging type follower, this displace- 
ment will be the angular displacement of the fol- 
lower arm and in the case of a reciprocating type 
follower this displacement will be the linear dis- 
placement of the follower along the line of motion. 
Time may be expressed in terms of the cam angle 
rotated, so the prescribed time-motion relationship 
of the follower may be expressed in displacement 
as a certain specified function of the cam angle 
rotated. It is convenient to place the reference 
point at the location where the follower starts 
to rise from the base circle of the pitch curve. 

In Figs. 4 and 5, 8 and y denote the displace- 
ment, and » denotes cam angle rotated. Let R, de- 
note the radius of the follower swing-arm and R,’ 
denote the radius of the base circle of the pitch 
curve. Center-to-center distance between the cam 
shaft and the swing-arm pivot is 1, and 7 is the 
angle between the centerline of the follower and 
the cam radius passing through the reference point. 
To make the following equations still hold true 
when the offset is to the left, + will be measured 
in the direction as indicated. From the sine law 
and the cosine law the following relationships are 
easily established: 

For a swinging type foilower, 


R, = R/? + [2 2R;1l cos (B a yY) 


R, sin (a + e) R,; sin (B + y) 


in which 








1+ Ry’ + Ry 


s = 
2 


and ¢ is the angle subtended on the cam center 
by displacement of the follower-roller center. 
For a reciprocating type follower, 
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R, = VR’? + y? — 2yR;’ cos r (7a) 


R, sine = ysinr (7b) 


in which ; is 180 deg — sin~'(a/R,’) where a is 
the amount of offset. 

Hence, to find the pitch curve, one may use 
Equation 6a or 7a to find R, and substitute it into 
Equation 6b or 7b to evaluate the correction angle 
e. The pitch curve is then defined by the polar 
co-ordinates (R,, §,) in which 6; = w + «. Which 
pair of the equations should be used depends on 
whether a swinging type or a reciprocating type 
follower is under consideration. 

In the second pair of equations when ; = 180 
deg and cos 7 = —1, Equation 7a reduces to R, = 
R,’ + y. As sin 180 deg = 0, from Equation 7b 
the correction angle ¢ equals zero. This, of course, 
is true in the case of a radial-arrangement fol- 
lower. 

Usually it is convenient to express the pitch 
curve only in tabulated form. In that case, 
numerical differentiation may be applied to ob- 
tain dR,/dé, for use in Equations 5a and b.* 


*W. E. Milne—Numerical Calculus, Princeton University Press, 
Princeton, N. J., 1949. 
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Stretchable Scale 


For interpolating points between curved lines 
that are various distances apart, a common rubber 
band is of great value. On the inside of the band, an 


| 





a oa 
/ Yt rT 

















appropriate scale is inked. The band is then 
stretched until a convenient number of graduations 
lies between the selected points on the curved 
lines. New curves may be plotted, intermediate 
points located, and value of given points deter- 
mined.—ALFRED TEPLITZ, Pittsburgh, Pa. 
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Resilient-Ring ‘‘Springs’’ Permit 
Adjustable Thickness Control 


A simplified method of spacing of band-saw blades in a 
high-speed bread slicer is accomplished through the 
novel application of a series of rubber band-adjusting 
“springs.” Manufactured by the National Bakery Div., 
Package Machinery Co., the machine is designed to slice 
75 loaves per minute. A total of 21 band type saw blades 
provide, in effect, 42 slicing elements that are equally 
spaced. 













Band-saw blades 
a 



















Input conveying of bread into the 
slicing section is provided by a flex- 
ible woven-wire belt. Unsliced bread 
is moved continuously from the end 
of the wire belt in between two ribbed, 
flat rubber belts that slide the loaves 
by gripping their ends. 


Spacing distance between band saw 
blades is controlled by the adjusting is 
: ; FaVg wtestae 
pressure applied to a series of rubber, erteeaaes seattiges . 
- 2, bf ro RYS ve 
ring-shaped spring elements posi- ¥ Meettteer 
tioned between the band guide sup- 
ports. Slice thickness can be varied 
between 5/16 and 9/16-in. 
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High-Speed Outsert-Taping Mechanism 


mechanism 


Lower 
taping-arm 
roller 


Taping-arm+— 


air- cylinder 
control 


Is Electrically Controlled 


Taping-arm air 
cylinder 


‘Metal rollers 


le 

—=\ Belt for holdin (8 

containers while ~ 
outserts are taped on 


Outsert - feed 
Outsert feed air cylinder 
slide 
/ 


Outsert - feed air- 
cylinder control 
switch 


Outsert retaining 
~._ springs 


Container rails 


Accurate attachment of outsert 
leaflets to the outside of cylin- 
drical containers at speeds as 
high as 220 per minute is done 
automatically by the Pfaudler 
Outsert Applicator. Containers 
having dimensions ranging from 
2% to 71, in. in length and 11), 
to 61% in. in diameter can be 
handled. 

In operation, after a free-roll- 
ing container leaves the labeling 
machine and enters the outsert- 
ing unit, it is gripped between 
parallel belts to stop its rota- 
tional motion. Position of the 
container when it is gripped is 
preset to face-up only that por- 
tion of the container to which 
the outsert is to be taped. The 
first outsert leaflet is positioned 
by the manual operation of a 
reset switch which in turn con- 
trols the outsert feed mecha- 
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and Pneumatically Operated 





Tape pressure arm 
/ 
/ 
/ 
Tape reel 


Latch bar 
ins 


| 


Latch 


Bumper taping- 
arm assembly 


Outsert- feed ‘ir- 
cylinder control 
switch 


Tape -sealing 
arm 


cy 


/ 


/ 


/ | 
No-back roll’ Outsert Lower taping -arm roller 


knife and cutting it off. Suc- 
ceeding outserts are fed and po- 
sitioned automatically by the out- 


serted container tripping a pre- 


nism in the machine. 

As the holding belts carry the 
container farther along, the out- 
sert is retaining 
springs. At the same time the 
lower taping-arm roller has 


pulled from 
cision snap-action switch located 
to feed a leaflet under the tap- 


\ 


Air cylinder for 


Cut-off knife 


Sealing-arm roller 


started adhesion of the free end 
of the tape on the forefront of 
the As forward mo- 
tion of the container continues, 
snap-action 


container. 


another 
switch located between the rails 
under the container operates the 
taping-arm assembly air cylin- 
der. This action pivots the tap- 
raising the 
the cut-off 


precision 


ing-arm assembly, 


taut tape against 
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ing arm and tape while both are 
raised in the cut-off 
The tape is retained between the 
no-back wheel and the rubber 
Continued forward move- 
ment of container causes tape- 


position. 


roll. 


sealing-arm roller to press down 
the trailing end of the fastening 
tape. Meanwhile the free end of 
the tape is pressed against the 
succeeding container. 


taping-arm 
assembly 


Base plate 





im action 





Carriage 

















A novel design arrangement of 
spring, linkage and lever mem- 
bers is employed in the car- 
riage-lifting mechanism in G-E’s 
Toast-R-Oven, which is a com- 
bination toaster-and-oven unit. 


Carriage-lifting force is provid- 
ed by the carriage spring, which 
is fastened to the top of the 
linkage actuation lever. Angular 
position of this lever is con- 
trolled by the length of nickel- 
chrome alloy ribbons, which are 
fastened at the bottom of the 
lever. 

In operation, bread is placed 
in the slot and a pushbutton is 
pressed which unlatches and 


Carriage 
linkage 





Nickel—chrome 
alloy ribbons 


Carriage spring 
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drops the carriage and 
energizes the _ toasting 
heater. When the toast- 
ing period is completed, 
a timer opens the toast- 
ing-heater contacts and ; 
j Carriage 
closes a set of contacts linkage 
that connects electric 
power to heat the drive * va 
ribbons. The ribbons ex- Carriage Wes 
pand quickly permitting 5 gf 
the carriage spring to 
contract and pull the 
carriage back to the up- 
per position where the 
drive - ribbon contacts 
open and the carriage 
relatches in place. The 
metal drive ribbons cool 
and contract permitting 
the carriage spring to 
extend again. 
As reported by Paul 
O. Rawson, designer-in- 
charge, and W. A. 
Schmall, project develop- 
ment engineer, special 
care was taken in the de- 
sign of the linkages to 
provide variable force Carriag ; :, Carriage-lifting 
multiplication, depend- latch y ~ linkage system 
ing on carriage eleva- : 
tion. This design feature 
permits stress in the 
nickel-chrome alloy rib- 
bons to approximate the 
yield - strength versus 
temperature curve of the 
material, which means 
that the ribbons are 
stressed less when heat- 
ed. 


on eile 
Push button 


Photos, courtesy General Electric Review 
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Design of 


Thin-Wall 


Plastic Parts 


By B. Nathanson 
Plastics Div. 

Monsanto Chemical Co. 
Springfield, Mass. 


HE CONCEPT 

sections, and even the 

comprises a thin section, has 
considerably in recent times. 

Several years ago, a styrene wall section of 
0.048-in. was considered thin. Today containers 
and parts of 0.014-in. in thickness are not un- 
common. The necessity of molding these thin 
sections in styrene plastic has emphasized the 
importance of proper design for optimum per- 
formance of the finished part. 

Actual configuration of the thin wall is of prime 
importance. One of the greatest problems in mold- 
ing the thin-wall part is core shift. Core shift 
is a sidewise movement of the core which is in- 
duced by the high (20,000 psi) molding pressures. 
A core shift of 0.003-in. in a wall section of 0.014- 
in. is a much more critical problem than a similar 
shift in a wall section of 0.048-in. Therefore, cer- 
tain steps should be taken during the design of 
the piece to minimize this problem. 

In wall sections above 0.035-in., wall sections 
should be thinner at the bottom than at the top, 
Fig. 1. This allows the plastic material which is 
hottest and has the lowest viscosity to enter the 
thinnest section of the part. The material which 
is coolest and has the highest viscosity then moves 
into the enlarged section and into the edge rim. 
The rim should be approximately 114 times the 
preceding wall section. The principle to be em- 


of molding thin plastic 
concept of what 
changed 





Table 1—Dimensions of Cylindrical Cups 





Wall Section Depth Diameter 
(in.) (in.) (in.) 


"0.014 
0.022 
0.018 

















= Thicker 


‘ 








Ul 





————— Thinner 


Ction 
ing in 
Rime 


hickness 


Wall se 
decregs; 





~e : 
Thicker 


Fig. 1—-Design of thin-wall parts and con- 
tainers: a, above 0.035-in. wall section in 
general-purpose styrene; 6, below 0.035-in. 
in high-impact styrene. 


ployed here is that the coolest material will flow 
into the greatest area. This, with general-purpose 
styrene, will lessen the tendency toward crazing, 
for general-purpose styrene definitely tends to 
craze if cool material is packed into a thin section. 

In molding wall sections of 0.035-in. and below, 
general-purpose styrene material should not be 
used. High orientation of the styrene molecules 
causes a drop in strength properties. High-impact 
styrenes now available are adequately suited for 
this type of molding, however. 

In designing these thin-wall parts, the wall 
should be slightly thicker at the bottom than at 
the top. This allows the plastic material to flow 
with concentricity up the cavity, being restrained 
equally on all sides by the slightly decreasing wall 
sections. In this case, the tendency toward crazing 
is greatly reduced by the higher elongation of the 
high-impact styrene materials. 

No edge rim of any magnitude is employed in 
thin-wall parts and containers below 0.035-in. In- 
stead, most lips are folded over, or a step arrange- 
ment is used. It should be noted that the con- 
stantly reducing wall thickness is necessary be- 
cause of the higher pressure required for thin- 
wall injection molding. Sudden, high injection 
pressures would force the core over in the mold if 
this balance were not provided. 

Ratio of depth to diameter has not been a par- 
ticularly limiting factor in molding thin-wall con- 
tainers. In vacuum forming of sheet into such 
parts, this factor becomes an important part of the 
design planning. However, Table 1 shows dimen- 
sions which have been produced successfully in thin 
wall sections by injection molding. 
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Mechanics of Vehicles-4 


Stability on a Curve 


* centrifugal forces 
¢ force distribution 
¢ sliding and tipping 


By Jaroslav J. Taborek* 


Development Engineer 
Towmotor Corp. 
Cleveland 


characteristics of a vehicle negotiating a 
curve depend upon the balance of dynamic 
side forces. The nature of these forces, their dis- 
tribution, and their effects on vehicle stability are 
examined in the following sections of this article. 


DP charecteciets stability and the side-skidding 


Dynamic Side Forces 


In curvilinear motion, centrifugal force C (act- 
ing ideally at the vehicle center of gravity) is 
held in equilibrium by the sum of the side-force 
reactions on all wheels, or 


Wv- 
8 31) 
gr 


Here, v is the translatory speed of a vehicle of 
mass Mm, » is angular velocity, r, is radius of curva- 
ture and XS is the sum of the side-force reactions. 

When a vehicle enters a curve, changing its mo- 
tion from rectilinear to curvilinear, the side-force 
reactions impose a rate change of angular mo- 
mentum Ja. For a vehicle with polar moment of 
inertia J (around the vertical axis), wheelbase L, 
road-adhesion coefficient , and angular accelera- 
tion a, the relation between side forces and rate of 
change of angular momentum is 


Ta 
S 

L 
Obviously, the vehicle with small moment of in- 
ertia wil! exhibit fast directional response. Large 
inertia moments, while slowing down directional 
response, decrease sensitivity to secondary dis- 
turbances. Such a vehicle would tend to maintain 


Wu (32) 


*Now Research and Development Engineer, Phillips Petroleum Co 
Bartlesville, Okla 
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Fig. 30—Side-thrust distribution to front 
and rear wheels on a vehicle negotiating a 
curve. Only centri face) eee 
act in this simplified case (rolling resistance 


is neglected). 


its original direction of motion. 

Weight distribution (fore and aft) is a deter- 
mining factor for vehicle polar inertia. Heavy 
components are preferably located close to the 
center of gravity for minimum inertia moments. 
Intended use of the vehicle, since it dictates the 
necessary compromise between directional response 
and directional stability, decides the final solu- 
tion to the weight-distribution problem. 


Force Distribution: Equation 31 gave the side 
force required to balance the centrifugal force 
on the vehicle. Traction and braking forces act- 
ing on the steered wheels, as well as other motion- 
affecting forces acting ideally at the cg of the ve- 
hicle, all produce side-force components which may 
add to or subtract from the centrifugal force. 
The side-thrust reaction of the tires must balance 
the resultant of all these factors. 

From a directional-stability standpoint, distribu- 
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tion of side forces to the wheels is important 
Limits of safe maneuverability are determined by 
the wheel which first starts to slide. Vectorial 
analysis by graphical techniques offers a method 
of determining side-force distribution. The method 
is demonstrated in sections that follow for a ve- 
hicle weighing 4000 lb (evenly distributed on front 
and rear axles) negotiating a curve of radius of 
Ps 20 ft at a speed of 5 mph (7.33 ft per sec). 

VEHICLE AT CONSTANT SPEED: In this example, 
rolling resistance of the vehicle is neglected and 
centrifugal force is assumed to be the only force 
acting. From Equation 31, 

4000 (7.33) 2 
C 340 Ib 
(32.2) (20) 

Centrifugal force C, acting through the vehicle 
center of gravity, is balanced by side thrusts of 
front and rear wheels, Fig. 30. Obviously, as the 
turning radius r, increases, the vectorial sum 


C S:+- 8S 
approaches the algebraic sum 
C=8;+8 


In this simple case, the difference in directions 
of the right and left-hand steered wheels is neg- 
lected, and a force on the center of the front axle 


C=340 lb 
2375 Ib 
r= 40 |b (per axle) 


S245 Ib 
$7 240 Ib 








Fig. 31—Side-thrust distri- 
bution on a rear-wheel drive 
vehicle in accelerated mo- 
tion. Side components of 
rolling resistance and the 
inertia force of acceleration 


is calculated. The error due to this simplification, increase the side-force reac- 
tions of the wheels. 





especially for larger curve radii, is negligible. It 
is apparent that rear-wheel steering in this simpli- 
fied case would produce an identical side-force 
distribution, since the drive direction does not ap- 
pear in the calculations. 
VEHICLE IN ACCELERATED MOTION: In this case, 
the following forces act on the vehicle: centrifugal C=340 1b 
force C 340 lb (same as in simplified example) ; A; =375 Ib 
total rolling resistance R, Wf (4000) (0.02) Fr=40 ib (per oxie} 
80 lb. Assuming an acceleration a of 3:fps?, the 
inertia force is R (W/g)a (4000/32)3 Sp =132 lb 
ove Sr = 115 Ib 
375 Ib. 
Grade and air resistances are neglected here. 
The graphical method of calculation is demon- 


Nomenclature 





Centrifugal force, lb 
Height of center of gravity, ft 
Polar moment of inertia of vehicle around 





vertical axis, ft-lb-sec 

Wheelbase, ft 

Mass, lb-sec? per ft 

Distance determining tipping stability, ft 
Tractive force, lb 

Inertia resistance, lb 

Rolling resistance, Ib 

Radius of curvature, ft 

Side-force reaction of wheels, Ib 


Speed, mph 


Speed, ft per sex Fi 32 Side-tt li "as 
Vehicle weight, Ib bertion ona ot t-wheel 
Angular acceleration, rad per sec* drive vehicle in lerated 
Superelevation angle, deg moti T. ion fo act- 
Coefficient of sliding friction . in the rolli li : 

Frictional angle, rad ike st iw a: 


Angular speed, rad per sec siderably d total side 





strated for two representative cases:. (1) rear- 
wheel drive with front-wheel steering, Fig. 31, (2) 
front-wheel drive with front-wheel steering, Fig. 32. 

Comparing the resultant side forces S, and 8, 
with the results of the simplified case (Fig. 30), 
it is observed that, on the rear-wheel drive car, 
forces acting at the cg and the rolling resistance 
of the front wheels all produce side components 
that increase the side-force reactions. On the front- 
wheel drive car, on the other hand, traction forces 
acting in the rolling direction of the steered wheels 
considerably decrease the side thrust. The rear- 
wheel drive car will, under the same driving condi- 
tions, impose higher side thrusts on the tires than 











if the resultant of forces acti 
force reaction. 


will the front-wheel drive vehicle. This situation 
accounts for the well-known superior curve sta- 
bility of the front-wheel drive, front-wheel steered 
car. 

Other combinations, especially rear-axle steer- 
ing, four-wheel drive and four-wheel steering may 
be investigated by the same graphical methods. 


Sliding and Tipping Stability 


Under some circumstances, the centrifugal force 
developed on a curve exceeds the maximum corner- 
ing capacity of the tires. The vehicle then either 
slides sideways or tips over. These conditions will 
be investigated for the general case of a vehicle 
negotiating a superelevated (banked) curve of ra- 
dius r, with constant speed v. Distribution of cen- 
trifugal force to the wheels is assumed to be in 
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proportion to the radial-load distribution. 

Fig. 33 shows the situation schematically. The 
limit of the side reaction is determined by the 
frictional ground force and is therefore given by 


=Smax = Ms(Cy + W,) (34) 


7] 


where C, y component of centrifugal force, 
ie y component of vehicle weight, and p, 
coefficient of sliding friction. 

To prevent the vehicle from sliding sideways, 
the resultant of forces acting in the x direction 
must not become larger than the maximum fric- 
tional side-force reaction, or 


(W,+C,) <4, (C, + W,) 35) 


The relation between centrifugal force (and 
therefore driving speed) and the superelevation 
angle 8 can be obtained when forces in Equation 
35 are expressed as functions of 8. Conditions for 
skid-free curve driving can then be calculated. 


Minimum Safe Speed: The vehicle must maintain 
a certain minimum speed to prevent it from slid- 
ing down the banked roadbed. The corresponding 
equilibrium equation developed from Equation 35 is 
u,(C sin B + Wcos B) => CcosB W sin 8 (36) 


After substitution of the value of centrifugal force 
C from Equation 31, minimum speed to prevent 
sliding becomes 


fps 


[ gr-(tanB—yp,) 7 


_ | 
(1 w,tanB) - 


This equation can be further simplified by sub- 
stituting for the friction coefficient », the tangent 
of the frictional angle, where 
va) tan-1 Ms 
wu, — tang (38) 


= 


For dry concrete, », = 0.7 and the frictional angle 
@ = 35 deg. Substituting Equation 38 into Equa- 
tion 37, converting v from feet per second to miles 


per hour, and letting g = 32.2 ft per sec’ 
g'/2 (3600) 

aepeecemereneneen SE SUS 

5280 


and the minimum safe speed is 
V..min = 3.9[r, tan (B — ¢)]!/2 mph (39) 


In verbal form, minimum speed is proportional to 
the tangent of the difference between the super- 
elevation angle and the frictional angle. 

An interesting application of this stability equa- 
tion is seen at stunt-driving exhibitions, where a 
car is driven on a vertical circular wall. The min- 
imum speed required for this stunt can be calcu- 
lated by substituting ~ 90 deg in Equation 39. 

Further, the elevation angle under which the sta- 
tionary vehicle would just start to slide can be 
found by substituting v 0 in Equation 37. In 
this case, tan B = uw,. Since the system is sta- 
tionary, the coefficient of static friction applies. 
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With 0.8 for dry concrete, the stationary ve- 
hicle will start to slide at an elevation of 39 deg. 


Maximum Safe Curve Speeds: Stability of a vehi- 
cle traveling at high speed on a superelevated 
curve presumes two conditions: (1) speed must 
not be high enough to cause the vehicle to slide 
up the slope of the superelevation, and (2) speed 
must not be high enough to tip the vehicle about 
the outside wheels. These conditions are examined 
in the following sections. 

SLIDING: Equilibrium equation for the case where 
the vehicle tends to slide up the slope of the super- 
elevation is 
(C sin B 


W cos B) ug W sin £ 


where 


After simplification 


| (41) 


and, since the frictional angle is related to the 
friction coefficient by 


gr,(tan B bs) 


te (1 pu, tan B) 


Ms tan ¢ 
then 
Vo.max 3.9[r, tan (8B + ¢)])!/2 mph (42) 


Maximum safe speed is therefore proportional 
to the tangent of the sum of the superelevation 
angle and the frictional angle. With speed increas- 





ing to infinity (v co) it can be found from 
Equation 40 that the superelevation need not ex- 
ceed the value 


B cot-1 yp, (43) 


For the hypothetical case of complete absence 
of friction, a superelevation angle can still be 
found that permits safe vehicle operation. In such 
a case, the resultant of all forces is exactly per- 
pendicular to the road surface. Substituting ,, 

0 into Equation 40, the ideal superelevation angle 
becomes 


tans (-*_ ) (44) 
gr. 


The existence of a frictional side-support force is 
nonessential in this case, and maximum and min- 
imum speeds are equal. 

Simplifying Equation 42 for the case of a level 
surface (8 = 0), 


Vemas 3.9(7, pts) 1/2 mph (45) 


TIPPING: When the resultant of horizontal and 
vertical forces passes through the line joining the 
points of contact of the outside wheels with the 
ground (point A, Fig. 34) ‘typing of the vehicle 
begins. Equilibrium of m ~ients about point A 
can be written as 
nR,, HR, 0 (46) 

R, = C cos B W sin B 


R, C sin B W cos B 


inst tipping of three 
Awl ieocodanted tet in Ouaeemionse 
curve is ensured if the resultant R passes 
inside of point A. 


(b) 
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where n is the projected distance between A and 
the center of gravity, and R, and R, are the force 
components in the x and y directions. These com- 
ponents are given by 


After substitution of these results in Equation 46, 
the critical speed of tipping becomes 


“1/2 


H tan B) 


gr.(n 


; 
| 
L (H 


Vt,max } (47) 
n tan £) + 


Simplifying again for the case of a level surface 
(B 0), 


3.9 a 7" 


mph (48) 
H 


Comparison of Equations 41 and 47 will reveal 
whether tipping or sliding will occur first as the 
speed of the vehicle increases. It is desirable that 
sliding occur first. This happens when speed that 
induces sliding is reached sooner than the critical 
tipping speed, that is, Vin. > Usmaz- For a level 
surface, this results in the condition 


” 


> fs (49) 
H 


In the preceding equations, the vehicle is as- 
sumed to be moving with constant speed, no trac- 
tive or braking forces are being simultaneously 
transferred, and the centrifugal force is distributed 
on the axles in the same proportion as the static 
level axle weights. Should this not be the case, 
the distribution of centrifugal side thrusts to the 
individual axles will have to be determined, and 
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the safety against sliding examined for each wheel 
separately. The wheel with reduced dynamic load 
(due to a hill, trailer pull, ete.) will start to slide 
first. Other conditions being equal, the driving or 
braking wheel with lower effective » values will 
slide first. Further, for the coefficient of friction 
us, Oniy such values can be taken for the side forces 
that remain after vectorial subtraction of the por- 
tion already taken by tractive or decelerating 
forces. It is interesting to note alse that all critical 
speeds are independent of vehicle weight. 

With increasing vehicle speed, sliding usually 
starts before tipping on most passenger cars. On 
trucks, however, where H is large, the critical tip- 
ping speed may be reached sooner. 

Tipping properties of four-wheeled vehicles with 
pivoted steering axles (e.g., lift trucks) are similar 
to those for a three-wheeled vehicle. In such a 
case, the central pivot point and not the wheels 
forms the effective front-end support against tip- 
ping. 
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Dimensioning Keyways 


When dimensioning the depth of keyways on ta- 
pered shafts, it is necessary to specify where the 
depth is to be measured. As shown, the keyway 
depth, for both internal and external tapers, varies 
from end to end. Inasmuch as it is common prac- 
tice to have the keyway depth in cylindrical male 
and female members equal, or nearly so, special 
dimensioning is required for tapered parts. 

In the tapered hole shown, the keyway depth 
at one end can be readily dimensioned and the part 
easily checked. However, in the tapered shaft 
shown, checking the part may require special gages 
as there are no square corners to act as reference 
points. For good interchangeability, the designer 
should either incorporate a square corner on the 
shaft, perhaps at point A, or realize that inspec- 
tion problems may result when checking the part.— 
GEORGE PHEIL, Racine, Wis. 
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Basic facts about 


design and specification of 


Fig. 1—Small hinge units designed to meet mini- 
mum size and thickness requirements. Leaves of 
top hinge are 0.015-in. thick. Size of small hinge 
at lower right is 3/4, by 34 by 0.025-in. 


Fig. 2—Extra heavy-duty hinge for severe load 
and service conditions. Hinge material is triple- 
weight, 0.275-in. thick, cold-rolled wrought steel 
with cyanide case. Ball-bearings in middle knuckle 
assure smooth operation and prevent wear at 
joint. Oval-head pin is made of two sections of 
¥/,-in. hardened steel rod locked in position with 
the ball bearings by a force fit. Assembled weight 
is 5 lb. Two of these hinges are capable of carry- 
ing door members weighing up to a ton. 


LTHOUGH generally classified as “hard- 
A ware,” hinges serve a number of basic func- 

tions in design. In conventional form, they 
provide a simple solution to the problem of mount- 
ing and supporting access doors, panels and similar 
members that must operate freely about a pivot 
axis. Other important uses include service as a 
locking device or as a “decorative’’ component to 
enhance product appearance and acceptance. 

In many design situations, hinge requirements 
can be filled by one of various standard catalog 
forms. But where unorthodox bends, configura- 
tions, holes, profiles and other unique features are 
necessary for function or appearance, a _ special 
hinge is usually called ior. 

Great latitude is offered in design by present 
hinge manufacturing equipment and techniques 
which can be readily adapted to economical pro- 
duction of special hinges in widely varying sizes, 
shapes and materials. Typical possibilities range 
from extremely small and simple light-duty units, 
Fig. 1, to: extra heavy-duty assemblies for severe 
load and service conditions, Fig. 2; continuous 
hinges for rigidity and appearance, Fig. 3; or un- 
usual leaf configurations for special mounting 


Fig. 3—Continuous hinge with spring clos- 
ing features. Made in almost any length, 
this special hinge form offers a rigid con- 
struction of clean, neat appearance. 


MACHINE DESIGN 





Production Considerations 
Design Practices 
Materials and Finishes 


requirements, Fig. 4. A review of production con- 
siderations and recommended practices in the de- 
sign and specification of such special hinge forms 
is presented here. 


Production Considerations: Sequence of opera- 
tions in the production of a typical hinge assembly, 
as well as basic hinge nomenclature, are illustrated 
in Fig. 5. Minimum quantities for economical pro- 
duction of special hinges on machines specifically 
set up for the job range from 1500 to 2000 pieces. 
Smaller quantities can be produced but increase 
in unit costs may be appreciable. 

Special shapes shown in Fig. 6 are representa- 


Fig. 4—Hinge designs developed to meet special 
mounting requirements. Construction at a, which 
is used on textile machine covers that are often 100 
ft long, has a large hole in leaf for accurate adjust- 
ment of cover alignment. Concealed hinges, 6, have 
curved leaf to fit space occupied in both closed and 
open positions. 
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By A. I. Olson 


Stanley Pressed 


Metal Div. 


The Stanley Works 
New Britain, Conn. 


? 
we 


Solid Die Biank Automatic Joint Cutting 





mm ap 


First turn Roll Broach 


Joint Rolling 





Soa Laceonecnmn 
Pin 


t 
oF 


Matching Positioning Spinning 
Pinning 





Knuckles 
Leaves ——Pin 
Barre} 


Forming 


Fig. 5—Sequence of production 
operations, and basic nomencla- 
ture, for a typical hinge assembly. 
Both joints are cut from blank 
simultaneously. In spinning opera- 
tion, pins are locked in position by 
peening ends over. 
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tive of modifications that can be readily performed 
on hinge leaves to meet specific application re- 
quirements. Leaf widths from 34 to 10 in. can be 
produced with a single machine operation. Larger 
widths require an extra machine operation. Actu- 
ally, from a production standpoint, there are no 
limitations, within reason, on the size of a special 
hinge. 

Swaging or offsetting operations can be per- 
formed in conjunction with the rolling and broach- 
ing of the barrel. High-production bending is also 
possible without special tooling. A number of dif- 
ferent angle bends and off-sets can be made with 
standard tools. With special tooling, possible range 
of variation can be extended to include almost 
any form of radius, Z-bend, gooseneck and box- 
shaped bends. In either case, bends should always 
be located at least 3/16-in. from the barrel. 

Both hinge joints are cut from the same stock, 





CC 


Both leaves half-swaged 





One leaf half-swaged, 
one leaf flat 


Ce 


Both leaves boosted One leaf boosted , 
one leaf flat 


a 





Leaves of unequal width 


ES <&S 


Fig. 5, since almost all hinge joints, even in special 
hinges, are symmetrical opposites. Hinge leaves 
of unequal width present no particular problem in 
either design or machining. A virtually infinite 
number of ornamental and special end-configura- 
tions can be produced with special tooling and 
practically all types of curved profiles are com- 
mon in the manufacture of special hinges, Fig. 7. 
Configurations are produced by a blanking tool 
or, if necessary, they are trimmed to shape after 
joint cutting and rolling operations. 

Hinge barrels with diameters up to 0.650-in. can 
generally be v.iled in one operation. Larger diam- 
eters may reguire additicnal passes. Bends cannot 
be formed on barrels. 

Standard clearance between leaves and barrel is 
1/32-in., but this dimension can be readily varied 
to meet any requirement. This applies to both 
swaged or barrel-boosted hinges. 

A clearance of 0.013-in. is normally broached 
between knuckles. The standard swage is equal to 


Fig. 6—Representative 
shape modifications 
that can be performed 

, on the leaves of spe- 

) cial hinges. Swaging 

4 is used to reduce the 
space between leaves 
when closed, barrel 
“boosting” to increase 
this space. 





One leaf full—swaged, 
one leaf flat 


Offset for profile and travel of reverse 


leaves 





Bod 


One or both leaves bent or offset 




















Fig. 7—Typical end 
configurations and 














special hinges. 





Special cut-offs or notches 
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Matching scored pins for hinge barrel with ends ground off 


ws , 


if 





Oval-headed scored pin 


ec => 


Bullet -headed pin with bullet- type scored tip 








Button-head scored pin and tip 


Fig. 8—Common pin types 
used in hinge assemblies. 


Fig. 9—Special hinges designed to provide a lock- 
ing action. At a, locking is provided by hooked 
end which is slightly angled. Design at 6 is simple 
hinge hasp, that at ¢ a clip lock. 


one half the thickness of stock and the swage can 
be made to the center line automatically. Hinges 
can be swaged beyond the center line on the press 
operation. 

Both plain and countersunk holes for screws, 
slots for bolts, threaded extruded holes and pro- 
jections for welding can often be produced in 
hinges without special tooling. Perforations of al- 
most any shape and size for fastening purposes 
are possible with special tooling. 


Hinge Design: Size limitations on the compo- 
nents of a hinge are largely determined by the 
functions of its parts and material specifications. 
Although no specific procedure can be offered to 
guide hinge design, considerable data have been 
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Large oval-headed scored pin and tip 


Flush-cut pin 


Ball-headed pin and scored ball-headed tip 


: - 


Oval-headed pin for loose fit 














Fig. 10—Typical hinge constructions with built-in 
stops to limit leaf movement. Stop at a is in the 
form of a separate metal piece which is bent to fit 
between the knuckles. At b, stop feature is built 
into barrel while at c both knuckles are half-cut 
away to provide clearance for a tongue stop. 


developed by manufacturers on the characteristics 
of different types of hinge assemblies for varying 
conditions of application. 

In establishing the size of a hinge—pin dimen- 
sion, leaf thickness and length, barrel height, num- 
ber of knuckles—necessary to carry a given load 
for a certain function, manufacturers rely heavily 
on experience in analogous situations. Load rat- 
ings, are usually quite conservative to provide a 
margin of safety in application. Recommended 
practices and other factors influencing design of 
special hinges are summarized in the following dis- 
cussion. 

Typical commercial tolerances for special hinges 
are given in Table 1. Note that the method of 
specifying dimensions controls the production tol- 
erance. 

Thickness of metal employed for hinges is usual- 
ly between 0.030 and 0.250-in. Hinge leaves are 
coupled through the barrel by a variety of pin 
types, Fig. 8. Commonly used designs include flush 
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pins, preferably scored; oval head pin; oval head 
pin and tip; button head pin and tip; and oval 
and flat spun pins which are riveted. Flush and 
oval head pins are secured by scoring and staking 
in slip-joint hinges where the pin is tight in one 
leaf and loose in the other. 

recommended pin diameter is at least 142 times 
the thickness of leaf stock. Typical size range of 
pin diameters is from a minimum of 0.078-in. to 
a maximum of !-1n. 

Knuckle length is also determined by material 
thickness, with a minimum of approximately 1,-in. 
recommended as a practical limit. The problem of 
“how many knuckles” is definitely related to how 
the hinge is to function. In conventional door ap- 
plications, for example, the five-knuckle hinge has 
been found superior to the three-knuckle design 
when all factors, including materials and manu- 
facturing costs, are considered. With a five-knuckle 
hinge, the three-knuckle side is attached to the 
jamb member. This results in a better fit for the 
matching knuckles and a more even distribution of 
wear on the bearing surfaces. The pin in this case 
is anchored securely and is able to take a high 
lateral thrust due to the door’s weight. 

However, these problems are not always true 
in the design of special hinges where application 
requirements may vary greatly. For instance, in 
hinges designed for horizontal rather than vertical 
mounting, the thrust problem is much less critical. 
Other hinges which are used merely as locking de- 
vices, Fig. 9, may have no thrust problem at all. 


Table 1—Typical Commercial Tolerances for 
Special Hinges 
race 


Quantity 


General Dimensions, Hinge Width, Slots 
Fractional dimensions 
Two decimal places 
Three decimal places 


+ 0.015-in 
+-0.010-in 
0.005-in 


Hole Sizes 
Fractional dimensions 
Two decimal places 
Three decimal places 


+-0.010-in 
+ 0.005-in 
+-0.003-in 


Angles 














Fig. 11—Typical hinge designs 
for fastening by welding. 
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Stop features can be incorporated in the barrel, 
or in the form of a welded element on an opposing 
leaf, to limit the travel of one or both leaves. 
Opposing leaves may also be formed or extruded 
to limit movement. Representative designs with 
built-in stops are shown in Fig. 10. 

Coil springs, loaded in either direction, are usu- 
ally employed when tension is desired in a hinge, 
Fig. 3. Leaf or flat springs are also used for this 
purpose. Space in the barrel is provided for the 
spring which is mounted by slipping the pin 
through barrel and spring, the spring ends being 
first set in place. Leaf springs are usually held in 
place by rivets, by lanced and formed clips or 
by ears. 

Practically every type of fastening method can 
be used to mount hinges. Wood screws, machine 
screws, rivets and integral studs and barbs are 
the most commonly used “projecting” fasteners. 
For household products, such as washing machines 
and dish washers, spot welding is generally pre- 
ferred. On industrial equipment and in other ap- 
plications where maximum strength of mounting is 
required, arc welding is often the best method. 
Typical hinge designs for fastening by welding are 
shown in Fig. 11. 


Materials and finishes: Common materials used 
for hinges include steel, brass, bronze, stainless 
steel and copper in combination, and aluminum al- 
loys. Optimum design for a hinge requires that the 
material have maximum hardness and still be soft 
enough so that the hinge joints can be easily rolled. 
Cold-rolled steel, AISI 1010 and 1015, is the best 
suited material from this standpoint, and the most 
widely used. 

Small hinges which are required to have high 
strength are often made of 1050 steel with a Rock- 
well C 54 hardness. This steel, with its good spring- 
temper characteristics, was used to advantage orig- 
inally in a heavy-duty sewing machine hinge. 

All of the AISI steels have been employed in 
hinges. In military applications, 4130 or 4150 
steels have been specified for parts such as para- 
chute buckles or components of parachute har- 
nesses that utilize a type of flexible hinge. On 
the 50-caliber machine-gun bullet belt, the links, 
which have a hinge function, are made from 1050 
steel. 

Hinges which have a plain knuckle are usually 
cold-rolled steel of Rockwell B 85-95 hardness and 
between No. 1 and No. 2 temper. Hinges with a 
sharp bend in addition to the rolled joint are 
usually Rockwell B 60-75 with a No. 3 temper. For 
extreme requirements there are many variations 
of these two specifications depending upon design 
conditions. Some hinge parts must be semiannealed 
locally when a sharp bend is to be made. It is 
common to have brass or bronze pins in steel 
hinges to provide a freer hinge action. 

Other common hinge materials are two ASTM 
B-36 compositions: Alloy No. 6 brass and alloy 
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No. 2 bronze. Magnetic and nonmagnetic stainless 
steels have also found application in hinge service. 
Nonmagnetic stainless is often specified in con- 
tinuous hinges for small sea-going craft and 
cruisers, both for the nonmagnetic quality and 
corrosion resistance. Aluminum alloys suitable for 
hinges include, among others, 6061 and 5052, the 
latter being used for certain types of continuous 
hinges. 

Finishes for special hinges offer still another 
group of design options. Bronze, brass and stain- 
less steel materials retain their natural finishes and 
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are usually polished and buffed to bring out their 
lustre. The most economical applied finishes are 
japanning, painting and lacquering. Bonderizing 
before painting is common practice and Parkeriz- 
ing, a heavier finish of similar type, provides in- 
tegral rust protection of hinge surfaces without 
painting. 

Copper, nickel, chrome, zinc and cadmium plat- 
ing are also used. Bright zinc is one of the more 
common finishes. For maximum corrosion resist- 
ance plus beauty, some hinges are plated with a 
layer of copper, a layer of nickel and a top layer 
of chrome. Aluminum hinges are anodized, and 
irridescent color designs are possible. 





Simplified Perspectives 


A simple and accurate perspective view may 
be drawn without the use of two orthographic 
accompanying views, such as the top and right-side 
views. 


1. Drawing a cube as an example, lay out a hori- 
zontal line and locate a left vanishing point, L, and 
a right vanishing point, R on it, Fig. 1. 

2. Bisect line segment L-R to locate point a. 

3. Bisect line segment L-a to locate point b, and 
bisect line segment L-b to locate point c. 

4. On a vertical line through point b, locate point A. 
This is the lower corner of the construction. Measur- 
ing directly on line b-A, locate point B, the upper cor- 
ner of the object. 

5. Project points A and B to L and R. 

6. Through A, draw a horizontal line. Measuring 
from point A on this line and using the actual length 


of the left side of the object, locate point d to the left 
of A. Point e is located to the right of A, with dis- 
tance A-e equal to the length of the right side. 

7. Project point d to point a and point e to point c. 

8. Line a-d intersects line L-A at point C; line c-e 
intersects iine R-A at point D. 

9. Project point C up to intersect line L-B, giving 
point H, Fig. 2. Project point D up to intersect line 
R-B, giving point F. 

10. Project lines from points C and E to R and points 
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D and F to point L. 

11. A vertical line, G-H, joining the intersections of 
the last two pair of projections completes the con- 
struction. 


This method may be used to block in an object 
of any shape. The object may also be viewed from 
any angle. To show the left side of the object, lo- 
cate bisections b and c¢ to the right of center. To 
look at the bottom of the object, make the con- 
struction above the horizontal line-—JOHN MULLI- 
GAN, Chicago 


Nonskid Scratch Pad 


When taking one-handed notes on a scratch 
pad, the tendency of the pad to move can be an- 
noying. This can be remedied by fastening 2 or 3 
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strips of tape to the back, adhesive side out. The 
tapes are held in place by others at the ends.— 
EWALD SCHLACHTER, Oshkosh, Wis. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bldg., Cleveland 13, 0. 
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Nomographs for calculating 


Stress in Rotating Cylinders 
Carrying Liquid Loads 


By E. V. Garner 
Centrifugal! Div. Engineer 
Bird Machine Co. 

South Walpole, Mass. 


Fig. 1—Forces on 


rotating cyl- 
roa a yok \TRESSES resulting from rotation of thin- 


walled, cylindrical machine components, car- 
rying a liquid load, can be found quickly from 
the nomographs in this article. 

The charts pertain to equipment such as cen- 
trifugal filters and related machinery in which 
self-induced inertia forces and the liquid contained 
cause significant values of rim tension during 
rotation. 

Two nomographs are presented: one for self- 
induced stress and one for stress caused by con- 


Nomenclature 


Radial mean depth of liquid, in. 
Diameter, in. 

gi ang bal oo enclosing liq- Inside diameter of contained liquid, in 
f basic conditions involved in Mean diameter of cylinder, in. 

orce analysis. "= Force, Ib 


Acceleration of gravity, in. per sec 











Mass, lb-sec?-in. 

Mass per unit volume, Ib-sec?-in.4 

Speed, rpm 

Pressure, psi 

Radius, in. 

Centroidal radius of one-half cylinder rim 
in. 

Inside radius of contained liquid, in 
Mean radius of cylinder, in. 

Outside radius of contained liquid, in 
Total tangential stress, psi 

Self-induced stress, psi 

Stress due to contained liquid, psi 

Cylinder wall thickness, in. 

Weight, Ib 

Density of cylinder wall material, lb per 





cu in. 
Angular velocity, radian per sec 
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STRESS IN ROTATING CYLINDERS 





tained liquids. The summation of these two rep- 
resents the total tangential stress in the cylinder. 


Stress without Liquid Load: A brief development 
of the basic equation is given here to review certain 
fundamentals. 

Fig. 1 represents one-half the rim of a hollow 
rotating cylinder. The restraining force on each 
cross section is F. The inertia force due to the 
centrifugal component of acceleration, 7,w?, must 
be equal and opposite to 2F. Then 2F = Mr.w? = 
(W/g)r..? where W is one-half the total rim 
weight. 

For thin cylinders, the rim thickness is small in 
comparison with the mean radius r,,. No signifi- 
cant error is introduced by taking the mass center 
of the rim at the centroid of the 180-degree arc 
where r, 2r,/7 D 

Therefore 


m/ Te 


WDy, w* WDy, w? 
or F 
Td 279 
The unit stress is F/A, and for a rim of unit length, 
WD,,, w2 
27 gt 


TD»yt § Dm w* 
8S; 
47gt 


8S; 


In practical units, 


8S, = (7.1 X 10-6) 8D? N2 


Stress Due to Rotating Liquid Load: At the ID 
of the cylinder shown in Fig. 2, the pressure at 7, 
can be found by considering a unit length of cyl- 
inder and an elemental column of liquid. The force 
at any radius r is SMa from 7; to r,, where a is 
the centrifugal component of acceleration, »?r, and 
the elemental! mass is mbAr. At 7, 


dF ‘Ts 
mMw2 | rdr 
dA Jf 


Then, for a partially filled cylinder, 
Mw* (7.2 — 7;*) 


2 


Dp 


and, for a full cylinder, where r,; = 0, 


Mw 7,2 


2 


To find the resulting tangential stress, the force 
due to pressure p is determined with reference 
to Fig. 3. The increment of force dF = p dA = 
p To a6, and the vertical component, opposite to F, 
equals p r, cos 6 dé. 


F | pr, cos 6 dé = 2pr, 


Mw* (12 — 


2t 


r;) To 


In practical units, 
(1.78 X 10-6) (SN? D) (D2 — Dj?) 
t 


S 2 


By taking (D — D,)/2 = d = radial depth of 
the liquid, and, by using § = 0.0361 lb/cu in. for 
a water load, the nomograph can be simplified. 
Stress due to a liquid other than water can always 
be found by multiplying the nomograph solution 
by its specific gravity. 

Therefore, 
(25.6) (10-8) DN? d(D d) 


t 


De 


Total tangential stress is the sum of S, and Sp. 


Example: To illustrate the use of the nomo- 
graphs, assume: 

Cylinder wall thickness, t 
Cylinder inside diameter, D 40 in. 
Speed, N 1200 rpm 
Radial mean depth of liquid, d 4 in. 
Density of cylinder wall material, 5 

0.28 lb per cu in. 
Specific gravity of liquid 1.25 


14-in. 


To determine the self-induced stress, in Fig. 4 
connect D,, 40.5 in. and N 1200 rpm and 
mark the point where the line crosses the turning 
scale Q. From this point draw a straight line 
through the density scale at § 0.28 and read 
8; 4700 psi on the self-induced stress scale. 

Use Fig. 5 for the stress due to liquid load, Sp. 
First evaluate d(D — d) 4(40 — 4) = 144. 
Connect this point with N = 1200 rpm and mark 
the intersection on scale Q,;. Mark Q on the straight 
line between cylinder ID = 40 in. and thickness 
t 14-in. Connect the points on Q and Q,, and 
read S, 4400 psi on the load stress scale. When 
corrected for specific gravity, S) = 1.25 (4400) = 
5500 psi. 


The total stress S = S, + 10,200 psi. 
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Keeping Board Covers Taut 


A simple system may be used to keep the cover 
of a drawing board tight and free from ripples 
caused by changing weather conditions. One end 
of the cover is fastened semipermanently to the 
board with thumb tacks or staples. The opposite 
end is punched with a series of holes, spaced from 
4 to 8 in. apart. The holes are strengthened by 
a gummed reinforcement on each side. One or two 
rubber bands per hole are then looped through 
the holes, depending on the size of the board. The 
free ends of the rubber bands are hooked over 
thumb tacks on the underside of the board.— 
D. W. LouGHLIN, Cochrane Corp., Philadelphia. 
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MANY problems which an engi- 

neer encounters in design can 
be readily solved by applicaton of 
past experiences coupled with rough 
calculations. However, as advance- 
ments continue and more complex 
systems are developed, new prob- 
lems are met. For the solution of 
many of these, mathematical analy- 
sis is often demanded. 

Usually, a skilled analyst can 
provide a mathematical description 
in the form of equations which are 
substantially correct. However, it 
frequently takes more time than is 
available to solve the equations and 
provide quantitative data which are 
useful in actual practice. Analysis 
has often been of more value as 
an aid in understanding a problem 
rather than as a means of provid- 
ing useful numerical solutions. 

To complete processes begun by 
analysis, computation is required. 
High-speed, multipurpose comput- 





Fig. 1—Right, typical medium-size 
analog computer installation. Cabi- 
net at right is voltage recorder. 
Other cabinets contain operational 
amplifiers, multipliers, function gen- 
erators, power supplies, and associ- 
ated computing equipment. 
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By Walter Noon 


Process Development Staff 
General Motors Corp 
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ers now provide means of obtain- 
ing quantitative answers to com- 
plex design problems. 

The analog computer is one of 
these devices. Analysts with com- 
puters at their disposal are able 
not only to develop mathematical 
relations which explain physical 
problems but also to provide spe- 
cific answers in graphical form. 

Analysis explains the general 
system. Computation tells how 
well a particular system will per- 
form. Simulation, as provided by 
the analog computer, enables the 
design group to help the engineer 
answer the final question. The par- 
ticular nature of an analog com- 
puter makes it possible to change 
the constants rapidly in a set of 
equations. Thus, in effect, com- 
ponents of a system are changed 
until the combination which gives 
optimum performance is found. 

Briefly then, analysis, computa- 
tion and simulation can save time 
and money by giving precise infor- 
mation about a series of proposed 
systems before any of them are 
actually built. 


Analog Computer Types: Com- 
puters may be home-made, or may 
be purchased in kits or as com- 
plete, ready-to-use units. They 
vary in cost from less than $1000 
to approximately $1 million. The 
area of greatest application for the 
analog computer is in industries 
where it is no longer practical to 
design without the aid of a com- 
puter for simulation and design 
analysis. A typical medium-size 
analog computer installation is 
shown in Fig. 1. 

The analog computer deals with 
physical variables such as elec- 
trical voltages or rotating shafts, 
and may be divided into two types: 
direct and indirect. Direct analogy 
occurs when problem variables and 
parameters are represented direct- 
ly by machine variables and param- 
eters. For example, a direct anal- 
ogy exists between a mechanical 
spring mass system and an elec- 
trical resistance, inductance, and 
capacitance circuit, Fig. 2. Indi- 
rect analog computers solve, or as- 
sist in the solution of, algebraic or 
differential equations. The slide 
rule is an example of the mechani- 
cal indirect analog computer. 
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Mechanical spring 
mass system 


| x 





Dash pot 





Mx +Dx+AKx =F (ft) 


rate of current change. 





Mass = Mal ——— © inductance 3 


— Dak —— Resistance 


Fig. 2—Direct analogy between mechanical spring mass sys- 
tem and an electrical inductance, capacitance, and resistance 
circuit. Quantities denoted by x, above left, are displacement 
of mass, velocity, and acceleration. Similarly, quantities de- 
noted by qg, above right, are electrical charge, current, and 


Electrical 
analog 


Capacitance 


Lg+RG+ rs =F (tf) 








The basic computing element of 
the electronic indirect analog com- 
puter is the operational amplifier. 
With variable voltages and appro- 
priate networks with the amplifier, 
basic mathematical operations of 
addition, subtraction, scale and 
sign change, integration and differ- 
entiation can be performed. If 
function generators, curve follow- 
ers, and multipliers are available, 
it is possible to solve single or si- 
multaneous linear and nonlinear 
differential equations, or to per- 
form specific mathematical opera- 
tions for various purposes. Many 
examples of direct and indirect 


computers are classified under the 
analog type, Fig. 3. 


Computer Problem Solution: 
Evaluation of a problem for com- 
puter solution is as follows: 


1. Presentation of the problem with 
all pertinent material. 

. Mathematical formulation of the 
problem. Certain problems are 
solved by direct simulation. 

. Preparation of the problem for 
computer solution. 

. Analog computer solution of the 
problem. 

. Application of results to design 
evaluation. 








Electrical | 








f 
Mechanical 





1. Slide rule |. Gun directors 


2. Operational 
amplifier type 


2. Planimeter 


3. Mechanical 
differential 
analyzer 


. Norden bomb sight 


Fig. 3—Analog devices classified as direct, indirect or, in 
some cases, dual. Classification indicates variety of devices 


developed. (Reference 1) 


differential analyzer 








| | 
| Dual | | Direct af 


Scale 1: Model 1. Equivalent 





models dams circuits 


2. Network 
analyzer 
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Why you shouldn't mail blueprints 


There are these advantages, too: Kodagraph Auto- 
positive intermediates are durable, photo-lasting . . . 


-\ OESN’T PAY to mail a bundle of blueprints when 
D few Kodagraph Autopositive Paper inter- 
mediates will serve your purpose so much better. 

Besides giving you big savings «1 postage, these 
photographic “duplicate tracings” eliminate: (1) 
home-office guesswork as to how many prints a 
branch or subcontractor will need; (2) tie-ups caused 
by a short supply of prints; (3) waste and “file stuff- 


ing” resulting from an oversupply. 


do not become brittle or crack . . . retain their legi- 
bilitv and line density after hours of print making... 
can be revised on the spot. 

Kodagraph intermediates are easy to make or can 
be ordered through local blueprinter. Learn all the 
ways they speed jobs in thousands of drafting rooms. 


EASTMAN KODAK COMPANY 
Graphic Reproduction Division, Rochester 4, N.Y. 


Kodagraph Reproduction Materials 


MAIL COUPON FOR FREE BOOKLET 


EASTMAN KODAK COMPANY 
New booklet i is Graphic Reproduction Division, Rochester 4, N. Y. 
jam-packed with 
valuable tips on 
saving drafting 
time, protecting 
drawings, getting 
better prints. City 


Gentlemen: Send me a free copy of your new booklet on Kodagraph Reproduction Materials. 


Name 


Company — — 


Zone —_____ 
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The best way to illustrate the com- 
puter’s usefulness is to examine the 
steps necessary to obtain a solu- 
tion to a specific problem, for ex- 
ample, one concerning design of a 
cam. 

A cam shape is proposed to move 
a given load, Fig. 4. The designer 
is not certain, however, that the 
load will be moved smoothly, and 
a performance evaluation is de- 
sired. In addition, the designer 
wants to know what alternate cam 
shape will be satisfactory if the 
proposed shape fails to provide 
smooth motion. 

An equation is next derived by 
equating forces acting on the cam 
follower. It is quite difficult to 
solve this equation by conventional 
mathematical methods. Also, it 
would be extremely time-consum- 
ing to solve for a variety of shapes. 
However, the equation can be 
solved rapidly on the analog com- 
puter. 

The cam shape is first deter- 
mined by integrating the accelera- 
tion curve, Fig. 5, to obtain the 
velocity curve. The velocity curve 
is then integrated to determine 
cam follower displacement. Results 
indicate that the proposed cam is 
unsatisfactory since it does not 
provide smooth load transfer, and 
the cam follower will not stay on 
the cam, Fig. 5. Several other cam 
shapes are evaluated rapidly until 
a satisfactory one is found, Fig. 6. 
If the designer so desires, he can 





as evaluate alternate shapes. 








q 








Fig. 4—Example of design problems in a typical cam and 
cam follower arrangement. As cam rotates, the follower is 
displaced in the X direction only. Problem requires a satis- 
factory cam shape to give smooth motion to load transfer. 
Computer can predict performance of proposed cam as well 


Cam follower 


— = x 








obtain solutions quickly for vari- 
ous springs and masses. 

Computer solution of this design 
problem provided the designer with 
the following: 


. Proposed cam shape is unsatis- 
factory. 

. Several alternate cam shapes are 
satisfactory. 

3. Performance characteristics of 
these alternate shapes are avail- 
able. 


Based on predictions of actual sys- 
tem performance, this information 
allows the designer to change the 
cam shape. It would have been 
costly and time-consuming to make 
such changes after the system was 
built. This example illustrates one 


of the major money-saving advan- 
tages of the computer—design eval- 
ulation before construction. 


Computer Problem Types: An 
outstanding feature of the analog 
computer is its great versatility. 
Little time is required to obtain a 
series of solutions for different 
values of problem parameters and 
different functions. This feature 
enables the designer to explore 
many possible designs and hunches 
rapidly. 

Accuracy is one of the funda- 
mental considerations for an ana- 
log computer solution. It varies 
from approximately 0.1 to 10 per 
cent. Nearly all recent analog com- 
puters are rated between 1 and 0.1 





= Time 





™ =Cam motion period 


An = Constant acceleration 


Uniform cam acceleration curve 


Fig. 5—Solution of problem of Fig. 4. Graph 
indicates that cam acceleration curve did not 
provide smooth load transfer. Here, cam 
follower would not stay on cam shape. 


2 


are 
7 =Cam motion period 


+ = Time 


Am = Maximum acceleration 


Sinusoidal cam acceleration curve 


Fig. 6—Satisfactory cam shape as the re- 
sult of computer evaluation. Here, smooth 
load transfer is indicated by the sinusoidal 
cam acceleration curve. 








MACHINE DESIGN 





DONE IT AGAIN! 
On increase for Standard 
oe * Inc., Indianapolis, Indiana. 
Tubing experts from OSTUCO recently recommended 
a switch to NP-60 Tubing specially processed for 
machineability for Standard’s locknut and lockwasher line 
, A used in ball and roller bearing applications. 
duction increase at / Standard components find their way into electric motors, 
/ machine tools, automotive, aircraft, farm and construction 


Lockwasher, Inc. 7 equipment. Other companies, with equally diverse 


applications, report similar success with NP-60. 


s ° If you are machining bearings, washers, collars, or any 
Switching to OSTUCO 


circular part, you'll do well to check into the merits 


. ] of OSTUCO’s new NP-60 seamless steel tubing. 
NP-60 tubing ; | 
/ 


GET NP-6O WITH “‘SINGLE-SOURCE SERVICE.” 

New NP-60 seamless tubing comes to you with OSTUCO’S unique 
“‘Single-Source Service’’—experience and facilities for design 
and development, production and delivery all under one 

roof. Get together with a tubing expert for preliminary planning on 
NP-60's possibilities in your product. Contact your nearest 
sales office or write direct to the factory. 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company * SHELBY, OHIO 


Birthplace of the Seamless Steel Tube Industry in America 


! 
, / c SALES OFFICES: BIRMINGHAM * CHARLOTTE * CHICAGO (Oak Park) 
; : J CLEVELAND * DAYTON © DENVER * DETROIT (Ferndale) 
/ HOUSTON * LOS ANGELES (Beverly Hills) * MOLINE 


NEW YORK © NORTH KANSAS CITY © PHILADELPHIA 
PITTSBURGH * RICHMOND © ROCHESTER * 3ST. LOUIS 
SEAMLESS AND ELECTRIC RESISTANCE ST. PAUL © SALT LAKE CITY © SEATTLE * TULSA * WICHITA 
WELDED STEEL TUBING—Fabricating and Forging CANADA, RAILWAY & POWER ENGR. CORP., LTD. 
EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
225 Broadway, New York 7, New York 
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per cent accurate. 

Many problems solved by com- 
puter methods are dynamic prob- 
lems concerned with machines—de- 
sign, load transfer calculations, vi- 
bration analysis, heat flow calcu- 
lations, analysis of pneumatic and 
hydraulic systems, etc. Solutions 
of these problems depend on equa- 
tions which accurately represent 
the physical system. A partial 
listing of the types of analog com- 
puter problems illustrates its di- 
versity of application: 


Mechanica! Engineering 


1. Design and partial system testing 


of control systems. 

. Production testing of control de- 
vices. 

. Vibrations of structures. 

. Spring systems and vibration ab- 
sorbers. 

. Torsional vibrations in shafts. 

. Dynamics of mechanisms. 

. Flow problems. 


Electrical Engineering 


1. Analysis of nonlinear circuits. 
2. Studies of modulation systems. 
. Studies of noise effects in com- 
munications. 
. Electron optics. 
. Feedback amplifiers and auto- 
matic controls. 
. Analysis of transmission lines. 
. Servomechanism analysis. 


Chemical Engineering 


1. Design of process controls. 
2. Continuous process analysis. 
3. Nuclear chemistry studies. 


Research and Economics 


1. Evaluating plant efficiency. 

2. Economic distribution of power 
to loads. 

3. Linear programming problems. 


REFERENCE 
1. J. Roedel—An Introduction to Analog Com- 
puters: a Palimpsest on the Electronic Ana- 
log Art, G. A. Philbrick Researchers Inc., 

Boston, 1955, Page 35. 

From “Application of the Analog 
Computer to Engineering Prob- 
lems,” in General Motors Engineer- 
ing Journal, April-May-June, 1957. 





Electrical Insulation Materials 


for high-temperature application 


By B. J. Mulvey 


Application Engineer 
General Electric Co. 
Bridgeport, Conn. 


ANY special wire and cable 

applications involve high-tem- 
perature operation. In general, this 
means that for normal cable life, 
a heat-resistant cable insulation 
must be used in any application 
where ambient temperatures run 
higher than about 50 C (122 F). 

Depending on construction and 
application details, asbestos-insu- 
lated cables can be used at conduc- 
tor temperatures up to 200 C 
(392 F). However, such cables are 
vulnerable to moisture absorption 
which can occur during either 
light-load or shutdown periods. 
Varnished cloth tapes inserted be- 
tween layers of asbestos furnish 
some moisture resistance. A lead 
sheath over  asbestos-varnished 
cambric insulation offers the most 
reliable moisture resistance but 
limits cable use to a maximum con- 
ductor temperature of 110 C 
(230 F). 

Besides poor moisture resistance, 
the electrical properties of asbestos 
also severely limit its use. Its in- 
sulation resistance is extremely 
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low compared with almost any 
other insulation. The very high 
power factor and dielectric constant 
lead to excessive internal losses in 
the insulation wall on high-voltage 
applications. For this reason, the 
material has been generally limited 
to 600-v applications, with some at 
5000 v. 

Glass yarns have been used in 
high-temperature cable design but 
principally as outer braids for me- 
chanical protection of the primary 
insulation. The type of impregnant 
or varnish treatment given glass 
yarns primarily determines their 
insulating properties. Glass itself 
is generally regarded as a spacer 
rather than an electric insulator. 
A mineral-insulated cable, Type MI, 
consists of one or more solid-cop- 
per conductors embedded in closely 
packed magnesium-oxide insulation 
and enclosed within a solid-copper 
tube. Its excellent heat and flame 
resistance and the inert properties 
of the refractory magnesium-oxide 
insulation have made this cable use- 
ful in areas subject to severe nu- 


clear radiation. This cable presents 
three main problems: 


1. Hygroscopic nature of the mag- 
nesium oxide requires special 
moisture seal terminal fittings. 

2. Length of cable and number of 
conductors per cable that can be 
made are limited. 

3. It is restricted for 600-v circuits 
or less. 


Insulation Requirements: Ideal 
insulation for high-temperature ca- 
bles should be: 


1. Suitable for high-temperature 
and flexible at low temperatures. 

. Stable electrically over a wide 
temperature range. 

3. Low in power factor and specific 
inductive capacity. 

. Physically strong enough for 
fabrication and installation. 

. Weather, fungus, moisture, and 
corona-resistant. 


Silicone Insulation: Some  sili- 
cone-rubber compounds can, with 
sufficient care, be extruded on cop- 
per conductors. However, in com- 
paring the physical and electrical 
properties of extruded silicone rub- 
ber with commonly used rubber- 
like insulations, silicone rubber has 
low tensile strength, Table 1. This 
makes it difficult to extrude heavy 
walls and limits the cables to a 
maximum conductor size of 500,000 
cir mils (MCM) and a maximum 
wall thickness of 0.1719-in. for 
5000-v cable. 

The main attraction in silicone 
rubber is its heat resistance. In 
a test of silicone rubber versus or- 
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Announcing a 


POWERFUL 
NEW DRIVE 


by 
CONE-DRIVE GEARS 


Here are the ‘‘why’s” for this new gearmotor 


Why a right-angle gearmotor? 

You save space! By tucking the 
entire unit in close to the driven 
shaft, there’s nothing to stick out 
incrowded aisles. It’s out of the way. 


Why a double-reduction design? 


More power! Combining a helical 
primary with a Cone-Drive double- 
enveloping worm gear secondary 
gives you an extremely high load- 
carrying capacity. Output torque 
ratings are much higher than those 
of single reduction gearmotors. 
Overall ratios are greater, too. 


Why double-enveloping worm gears? 

More power! Cone-Drive double- 
enveloping worm gears have proven 
that they provide maximum load 
carrying capacity on extremely 
small center distances. This means, 
in many cases, that they will handle 
two to four times the load of 
cylindrical worm gears of the same 
size. An added plus is high resist- 


ance to shock loads, long operating 
life and minimum maintenance 
requirements. 


Why different types of mountings ? 
Flexibility! You can select Cone- 
Drive gearmotors with extended 
shaft or for shaft mounting. Both 
are standard. Shaft mounting often 
permits “‘hanging”’ the driven load 
on the gearmotor to eliminate 
pillow blocks, bearings, torque 
arms, shafts, pulleys, bed plates, 
etc. Both types may be floor, wall 
or ceiling mounted as desired. 


Why 27 standard output speeds? 


Standardization! Standard reduc- 
tions range from 3.3:1 to 240:1. 
Speeds at 1750 rpm input range 
from 525 rpm to 7.3 rpm output 
speed. Any variation in input speed 
will naturally provide another com- 
plete set of 27 output speeds. Any 
standard type NEMA D-flange 
motor may be used. Other reduc- 
tions may be obtained on special 
order at additional cost. 


Why ratings to only 25 horsepower? 


Demand! Extensive market re- 
search by Cone-Drive Gears reveals 
that this is the most popular power 
range in the application of gear- 
motors by industry. Currently we 
are building models in capacities 
from 1 to 25 horsepower. However 


the compact size and high capacity 
of the Cone-Drive gearmotor will 
extend this range in the future. 
Space requirements for higher ca- 
pacities will be substantially reduc- 
ed with our new design. 


Why a Cone-Drive gearmotor? 


Dependability! For over 20 years 
Cone-Drive Gears has been build- 
ing double-enveloping worm gears 
and speed reducers. Design and 
manufacturing techniques. have 
been constantly improved so that 
today these unique gears provide, 
size for size, the highest load- 
carrying capacity of any right angle 
worm gearing. Now, you can take 
advantage of this outstanding gear- 
ing combined into an integral pack- 
age that eliminates pulleys, sheaves, 
belts, chain, bearings and all the 
trouble that goes with separate 
reducer and motor combinations. 
You'll get increased efficiency at 
lower cost by specifying standard 
Cone-Drive gearmotors. 


Bulletin #57 contains complete 
details. Ask for it today. 


@ ivition, Michigan Joot Compra 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
7171 E. McNICHOLS ROAD o DETROIT 12, MICHIGAN 


@-Daive GEARS 


Circle 493 on page 19 


Here’s the finest shaft mounted gearmotor on the 
market today. It is available in all sizes with ratings 


identical to other Cone-Drive gearmotors. 
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Table 1—Properties of Electric Insulation Materials 





Polyvinyl 
Chloride 


Poly- 
ethylene 


Silicone 
Rubber 


Natural Neoprene 


Properties Rubber 





Maximum operating temperature, deg C oo-108 ™ 
Physical Properties 
Elongation, per cent 
Tensile strength, psi 
Low temperature flexibility 
Abrasion resistance 
Ozone resistance 
Tear resistance 
Flammability 


0-200 75 90 90 
100-300 500 750 550 150 500 
500-1000 2000 1800 700 2500 1500 

Excellent Very good Good Very good Fair-very good Excellent 
Poor Fair Good Fair Very good Good 

Excellent Poor Very good Very good Very good Good 
Poor Fair Fair Fair Very good Very good 

. Burns (leaves non- Burns Nonflammable Burns Nonflammable Burns 

conducting ash) 

Specific gravity .. 1.2 1.60 1.40 1.60 1.40 1.35 0.92 

Electrical Properties 

Insulation resistance, kilo-ohms 5000 20,000 2000 100 75,000 2000 
Dielectric strength, v/'mil .......... 450 450 450 400 450 750 1000 
POW TACHOP oc cece css 0.0050 0.0400 0.0350 High 0.0100 0.1000 0.00050 
Dielectric constant ..............05. 3.1 5.0 4.2 High 4.0 6.0 2.3 

Chemical Resistance 

General 

Strong bases ...... 

Strong acids 

Oil and gasoline . 

BUOEIRIEG GINOTHTIOR occ ccceccnccses 


75,000 


Good 
Good Good 
Good Very good 
Good Fair 
Very good 


Good Very good 
Very good 
Very good 
Very good 
Very good 


Very good 
Very good 
Very good 
Very good 
Excellent 


Good Fair Fair 

Good Fair Fair 
Poor- fair Fair Fair 
Poor-good Poor 
Fair-good 


Poor 


Very good Excellent Fair 





ganic rubber at 400 F in air, or- 
ganic rubber practically disinte- 
grated after an 8-hour exposure 
while silicone rubber after a 60- 
day exposure had stabilized, with 
its physical properties only slightly 
below their original values. 
Moisture resistance is an impor- 
tant consideration in choosing a 
cable insulation. Compared with an 
acceptable value of up to 20 mg, 
the Underwriters’ Laboratory re- 


port on silicone-rubber appliance 
wire shows a test value of 4.5-mg 
water absorption per square inch 
of exposed surface. 


High - Temperature Application: 
Silicone extruded-rubber insulated 
cables are increasingly used in hot 
locations where conventional rub- 
ber or asbestos cables have given 
trouble. 

As the cost of silicone rubber 


decreases, its use will increase to 
the extent that it will probably 
replace asbestos-varnished cambric 
as a general-purpose high-tempera- 
ture cable insulation. Silicone-rub- 
ber insulated cable fits the trend 
toward Class H equipment for use 
in prolonged high temperature or 
occasional overloading. 

From “New Trends in High Tem- 
perature Cable” in General Electric 
Review, Vol. 60, No. 2. 





Aluminum in Electrical Systems 
and Coil Design 


LUMINUM wire and covered 

conductors have been used in 
the past in times of extreme cop- 
per shortages. They have not 
found wide usage because of the 
increased volume normally _re- 
quired. This increase in volume 
would require the redesign of 
structures and, in general, make 
direct substitution impractical. 


Conductor Price Trends: The rel- 
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By T. E. Lewis and J. C. Meekins 


Product Development Group 
Reynolds Metals Co. 
Louisville, Ky. 


atively steady base price of alu- 
minum over the past 20 years is 
shown in Fig. 1. A comparison of 
copper and aluminum as electrical 
conductors will demonstrate alu- 
minum’s natural cost advantage. 
The electrical conductivity of EC 
grade aluminum is only 61 per cent 
that of an equal volume of cop- 
per. However, because the density 
of aluminum is about 30 per cent 
of copper, for equal conductivity 


only 0.485 lb of aluminum are 
needed to replace 1 Ib of copper. 

It has been difficult in the past 
to take advantage of this gap be- 
tween base prices. 


Interleaved Strip Conductors: An 
examination of the cross-section of 
a typical magnet wire wound coil 
shows many void spaces. The inter- 
leaved strip conductor coil elim- 
inates these voids and provides the 
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il 


oll 


4-cycle- short stroke. air-cooled 


On-the-job reliability 


Kohler engines, in sizes 2 to 25 horsepower, conservatively rated, 
provide power for a wide range of applications. They are engi- 
neered for heavy duty, staunch service, and easy starting. Short- 
stroke design in each model and size insures smoothness and 
durability. 

The Kohler name is your assurance of quality. Kohler engines 
power Kohler electric plants, known for reliability the world over 
for thirty-seven years. 

Write for catalog with information about the Kohler engine 


and its many uses. 





KOHLER Co. Established 1873 KOHLER, WIS. 


KOHLER or KOHLER 


PLUMBING FIXTURES 


July 11, 1957 


HEATING EQUIPMENT 


ELECTRIC PLANTS + AIR-COOLED ENGINES + PRECISION CONTROLS 


Circle 494 on page 19 
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following superior features in coil 
design: 


. Space factors of 80 to 90 per 
cent are obtained and although 
60 per cent more conductor vol- 
ume is required, the coil can be 
wound into the space required 
for copper wire coils. 

. Since there is only one layer, 
layer to layer voltages are re- 
duced. 

3. Interleaved strip conductor coils 

are easy to wind. High-speed 
equipment can be used. 
Heat transfer characteristics are 
better, and coil hot 
virtually eliminated. Lower av- 
erage operating temperatures are 
obtained. 


spots are 


5. Impregnation of coil is unnec- 
essary and can be eliminated to 
reduce costs. 

Advantage can be taken of the 
low base price of aluminum with 
significant cost reductions. 


Conductor Cost Savings: Conduc- 
tor cost savings of up to 50 per 
cent are possible with interleaved 
strip conductor. Equivalent wire 
gage can be achieved by varying 
either strip width or thickness. 
In general, the higher the strip 
thickness, the higher the space 
factor and the higher the conduc- 
tor cost savings. 


Application to Coils: Interleaved 
strip conductor has proven very 
satisfactory in many electrical coils. 
Examples are field coils for gen- 
erator and motor starters, starter 
relay coils, voltage regulator coils 
and ignition coils. Tests have 
proven that using wide thin foil re- 
sults in greatly improved heat 
transfer characteristics. In addi- 
tion to the lower average tempera- 
ture rise, hot spots are virtually 
eliminated. Hot-spot temperatures 
limit current density in a coil and 
current density determines the 
amount of conductor necessary for 
a winding. 

The series coil uses fairly large 
flattened wire with thin insulation 
and generally takes more space 
than a similariy wound copper coil, 
but the interleaved shunt field of- 
fers the high space factor and cost 
advantages of other interleaved 
strip-wound coils. The series wind- 
ing does offer significant cost sav- 
ings but must be fitted into the 
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Aluminum and Copper Cost 
for Equal Conductivity 
+ + + —+ 





as | Copper (cents/Ib) | 
y Oe 6 age (cents /.485 Ib 








1 





O 
1935 1937 1939 §61941 1943 





945 1947 1949 195) 1953 1956 
Year 
Fig. 1—Price per pound of copper compared to the 


price per 0.485 lb of aluminum. Figures are based on 
relative conductivities of the two metals. 








space available. 


Winding Interleaved Strip Con- 
ductor: A magnet wire wound coil 
consists of many layers and many 
turns per layer. As an example, 
assume the problem of winding 
twenty 15-in. wide While 
twenty payoff reels are required 
for winding magnet wire, two are 
sufficient for interleaved strip 
one each for foil and interleaving 
insulation. A 10-in. wide roll with 
individual slitters for each coil will 
accommodate the twenty coils being 
wound. Savings are reflected in: 


coils. 


Reduced floor space. 


= 
2. Reduced reel inventory. 
3 


o. 


Reduced conductor’ inventory. 
One gage of foil in various 
widths represents several wire 
gages. 

. Lower rejection rates and sim- 
pler insulation system. 
. Simpler, less costly 
equipment. 


winding 


Joining: Recent developments 
have demonstrated that very ef- 
fective and economical methods of 
joining aluminum are now avail- 
able. Some of the more interest- 
ing of these are: 


1. Coldwelding: Pressure welding 
at room temperature has_ be- 
come very useful in making alu- 
minum joints. Joints formed by 
this method give high conduc- 


tivity and high strength, and are 
unaffected by life or tempera- 
ture cycling. 

. Shielded Inert Arc Welding: This 
method is well-known and is use- 
ful for many types of aluminum 
joints. 

3. High-Temperature Solder:A new 
development in soldering makes 
use of the abrasive properties of 
a fiber glass brush. No cor- 
rosive flux is necessary since the 
brush pretins the surface. 

. Mechanical joints have been 
made which give good conductiv- 
ity and long life. Proper care 
is necessary in their design, but 
results show that they are very 
practical. 


Applications: Solenoid contact 
surfaces appear to be excellent ap- 
plications for interleaved strip con- 
ductor, and a whole new oppor- 
tunity is visualized in the field of 
wiring harnesses. Recent develop- 
ments in printed circuits with plug- 
in harness connections have been 
very effective. These should evolve 
further into the widespread use of 
printed circuit board using alumi- 
num and other readily automated 
techniques such as aluminum strip 
conductor wiring harnesses. 

From a paper entitled “The Ef- 
fective Utilization of Aluminum in 
Automotive Electrical Systems” 
presented at the SAE National Pas- 
senger Car, Body and Materials 
Meeting, in Detroit, March, 1957. 
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Control Problems ?... Consult CONTROL EXPERTS 


ke * : : [ Utilities 


{ Textires 


Control for Every = (sscuaams 
Industry...Designed (--_ 
by Allis-Chalmers (= — 


oe 
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Mining 





HE world’s largest line of major industrial equipment is ~~ 
produced by Allis-Chalmers. In supplying equipment to [Netar Producing 
all industries, Allis-Chalmers has been called upon to pro- ~~ 
vide every conceivable type of control... STANDARD, ( uetan Fabricating 
MODIFIED and SPECIAL DESIGN ... in thousands 
of applications. This experience can help solve any or Machinery \ 

















all of your control problems...when you specify 


Allis-Chalmers Control. a 
Lumber 











For Expert Help With Your Control Problems... ~ 
call your Allis-Chalmers representative. His recom- [ Food Processing 
mendations are backed by Allis-Chalmers special- 
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ized engineering staffs .. . by complete research Chemicals 
and testing facilities. 
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For further information call your nearby 
A-C office, or write Allis-Chalmers, General 


Cement 





Products Division, Milwaukee 1, Wisconsin. 





Automotive 
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ALLIS-CHALMERS 
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Helpful Literature 


for Design Executives 


For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Rectifiers & Capacitors 
General information on rectifiers 
and capacitors is found in pages of 
ReCap, a new every-other-month 
journal. Typical issue contains basic 
data, application information and 
answers to questions. Company will 
put those interested on mailing list. 
Fansteel Metallurgical Corp., Recti- 
fier-Capacitor Div. 
Circle 651 on page 19 


Variable Transformers 
Expressly designed for high fre- 
quency service such as is encountered 
in aircraft, marine, missile and in- 
dustrial use, new line of Powerstat 
variable transformers is described in 
bulletin P257H. They deliver con- 
tinuously adjustable voltage from 
400/800 cycle ac power lines for up 
to 480-v service in ratings from 56 
va to 8.7 kva. 28 pages. Superior 
Electric Co. 
Circle 652 on page 19 


Drafting & Reference Table 
An adjustable drafting table for 
one man and a reference area for 
the next man in line are combined 
in the Stacor-Matic drafting unit. 
Toe-touch foot control adjusts table 
height from 37%, to 45% in. and 
from horizontal to vertical. 
Details are given in folder 554. 6 

pages. Stacor Equipment Co. 
Circle 653 on page 19 


angle 


Motor Ordering Sheets 

AWH MS101 and AWH MS102 ap- 
plication data sheets aid in ordering 
or requesting information on motors 
and elapsed time indicators, and re- 
peat cycle timers and time delay re- 
lays, respectively. A. W. Haydon 
Co. 


Circle 654 on page 19 


High Strenath Steel 

“Design Manual for High Strength 
Steels” discusses the essential prin- 
ciples of structural design and in- 
charts and tables 
engineers in de- 
steels. 


cludes formulas, 
which will assist 
signing for high-strength 
Major divisions cover tension, shear, 
stresses in beams, deformation and 
deflection, formed sections and de- 
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signing against corrosion. Beam 
formulas appear in the appendix sec- 
tion. 170 pages. United States Steel 
Corp. 

Circle 655 on page 19 


Nylon Coil Bobbins 
One-piece nylon coil bobbins speci- 
fied in bulletin range in core diam- 
eters from 0.220 to 0.365-in. The 
data sheet shows variations avail- 
able without incurring tool costs. 
1 page. Gries Reproducer Corp. 
Circle 656 on page 19 


Test Equipment 
New edition of catalog ‘‘Micro- 
wave and UHF Electronic Test 
Equipment” covers such recent ad- 
ditions as UHF frequency meter de- 
tectors, coaxial detectors, broadband 
disk bolometers and thermistors, co- 
axial turret attenuators and wave 
and power meters. Line includes 
waveguide and radar test equipment. 
48 pages. Narda Corp. 
Circle 657 on page 19 


Flexible Hose & Duct 
Prices and other pertinent data 
relative to Flexaust flexible exhaust 
hose and Portovent retractable duct 
are given in bulletin 70. Such acces- 
sories as screw couplings and cuffs, 
fianges, Y’s, transitions, reducers 
and branches are covered. 8 pages. 
Flexaust Co. 
Circle 658 on page 19 


Electric Clips 
Every electric clip in this com- 
pany’s line is described and _illus- 
trated in catalog 200. Emphasis is 
on alligator-type and miniature test 
clips. 8 pages. Mueller Electric Co. 
Circle 659 on page 19 


Relays 
Printed circuit relays, miniature 
and subminiature, six-pole double- 
throw and power relays, snap-action 
relays, 400-cps relays and rectified 
units are among items described in 
engineering catalog 157. Units with 
hermetically sealed and dust-tight 
enclosures are shown. 16 pages. 
Magnecraft Electric Co. , 
Circle 660 on page 19 


Miniature Panel Meter 
Engineering information, specifica- 
tions, electrical characteristics and 
ranges relative to model 155 114-in. 
flush mounting panel meter are pro- 
vided in data sheet 268. Meter is in- 
tended for portable, airborne and 
similar uses where small size and 
light weight are essential. 2 pages. 
International Instruments Inc. 
Circle 661 on page 19 


Controlled Volume Pumps 

Precise metering and pumping of 
corrosive liquids against pressure is 
function of line of motor-driven con- 
trolled volume pumps described in 
bulletin 553-1. Pumps are used as 
final control elements in proportion- 
ing and control systems for blend- 
ing and formulating. 32 pages. Mil- 
ton Roy Co. 


Circle 662 on page 19 


Bimetal Thermostats 
Stemco bimetal thermostats are 
illustrated, and information on tem- 
perature ranges, ratings, mountings 
and terminal arrangements is given 
in bulletin 8400. A handy tempera- 
ture conversion chart is provided. 
4 pages. Stevens Mfg. Co. 
Circle 663 on page 19 


Floating Gearmotor 
Features are pointed up in folder 
B-6370 on a floating gearmotor drive 
unit designed to meet severe operat- 
ing conditions and space limitations 
of runout tables and similar roll- 
type conveyors. 4 pages. Westing- 

house Electric Corp. 
Circle 664 on page 19 


Conveyor Belt 
Flexibility of solid woven belting 
is combined with high strength and 


low elongation characteristics of 
stitched canvas in Main/Rusco §.C.- 
18 conveyor belting described in bul- 
letin R18507. Belt is engineered for 
small diameter pulleys. 4 pages. 
Russell Mfg. Co. 

Circle 665 on page 19 


Optical Analysis of Gears 
“Optical Analysis of Gears and 
Splines” is title of comparator en- 


MACHINE DESIGN 
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‘Engineers—we ve achieved SUSTA/NED 


supersonic flight... 


“As Chief Test Pilot at Convair-Fort Worth, I’ve 
flown initial and subsequent tests on several of the 
outstanding aircraft created by Convair’s design and B. A. ERICKSON, Chief Test 
: Pili . “Sek - . Pilot at Convair-Fort Worth, first to 
engineering teams. Surpassing all, however, is their fly these famous Convair aircraft — 
newest and most significant achievement, the Convair he tombe paren caves 
B-58 ... built for the U. S. Air Force. B-58 jet bomber. 
“The Convair B-58 is a completely integrated 
aerial weapon system. As America’s first supersonic 
bomber, the B-58 has the capacity for sustained super- 
sonic flight which represents a performance break- 
through vital to American military aviation. Such an 
accomplishment reflects the ability of Convair engi- 
neers and scientists to think far beyond conventional 
ideas of design and performance.” 
If your ambitions and qualifications fit into the 
progressive and stimulating picture at Convair-Fort 
Worth, you’re invited to investigate. Many of Amer- 
ica’s top engineers and scientists, now an integral part 
of our team, have discovered at first hand what we 
mean when we say: “Your future is NOW... at 
Convair-Fort Worth!” 
In Fort Worth, you'll enjoy a mild, year ’round Cc oO N V A | Be 
climate, low cost-of-living and adequate housing in 
all price ranges. There’s no state sales or income FORT WORTH 
tax — no commuting problem. 
FORT WORTH e TEXAS 


Write today in confidence to: Mr. H. A. BoDLey, Engineering Personne/ 


CONVAIR is A DIVISION OF GENERAL DYNAMICS CORPORATION 
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gineering study on an optical system 
for inspection and analysis of fine 
pitch involutes. With this method, 
a single master chart is used to in- 
spect a wide range of gear sizes. 12 
pages. Jones & Lamson Machine 
Co. 

Circle 666 on page 19 


Plastic Coatings 


Unusual 17 x 25 in. wall chart 
lists a wide variety of liquid plastic 
protective coatings for architectural, 
industrial and marine application. 
Industrial section includes coatings 
for metal tanks and pipes, steel 
structures, machinery, trucks, man- 
ufactured articles, containers and 
railroad cars. Protective Coatings, 
Inc. 

Circle 667 on page 19 


Commercial Glass 


Revised bulletin B-83 on proper- 
ties of selected commercial glasses 
covers such new glasses as alumino- 
Silicate glass, low loss iron sealing 
glass, fused silica and radiotron tube 
and capacitor glass. Mechanical, 
thermal, electrical and chemical 
properties are discussed. 16 pages. 
Corning Glass Works. 

Circle 668 on page 19 


Laminated Disk Filters 


Information on design, construc- 
tion, specifications and capacities of 
standard, high pressure and duplex 
models of laminated fiber disk filters 
is provided in bulletin 7C. Filters 
remove solid particles as small as 2 
microns. 16 pages. Wm. W. Nugent 
& Co. 

Circle 669 on page 19 


Air & Hydraulic Valves 
Quick-As-Wink air and hydraulic 
control valves in_ sliding sleeve, 
single plunger, O and B-type and 
high pressure hydraulic models are 
pictured and described in bulletin 
571. Hydraulic pressure ratings 
range up to 5000 psi. Valve and 
hose couplings are also covered. 
12 pages. C. B. Hunt & Son, Inc. 
Circle 670 on page 19 


Pipe, Tubing & Fittings 

Equipment requiring pipe, tube 
and welding fittings to handle fluids 
at elevated pressures and tempera- 
tures can make use of Croloy 14 
and Croloy 2% chromium molybde- 
num steels, described in technical 
bulletins 152-A and 145-A. Analyses, 
properties, fabrication, heat treat- 
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ment and other data are included. 
4 pages each. Babcock & Wilcox 
Co., Tubular Products Div. 

Circle 671 on page 19 


Reinforced Plastics 


Catalog and price list of materials 
for glass fiber reinforced plastics in- 
cludes glass fiber fabrics and fibers, 
polyester and epoxy resins and cat- 
alysts, and other supplies. Mats, 
rovings, chopped strands, hardeners, 
diluents and other products are de- 
scribed. 16 pages. Cadillac Plastic 
& Chemical Co. 

Circle 672 on page 19 


Chain, Sprockets, Buckets 


Tables to aid in selecting the right 
chain, buckets, sprockets, bucket 
spacing, hand shaft wheel diameter 
and rpm are included in bulletin 
5766 on products for cement mill 
service. Gravity take-ups, bearings 
and drag chains are described and 
illustrated. 24 pages. Chain Belt 
Co. 

Circle 673 on page 19 


Screw Locking Insert 
Screw-Lock inserts lock screws in 
tapped holes. Selection tables with 
thread sizes, insert numbers and 
sizes and information on drilling, 
tapping, gaging and installation are 
found in illustrated bulletin 738. 
8 pages. Heli-Coil Corp. 
Circle 674 on page 19 


Power Connectors 
Battery, power and heavy duty 
connectors for many industrial uses 
are subject of illustrated catalog 
GB6. Specifications and dimension- 
al drawings are included for each 
unit. 32 pages. Cannon Electric Co. 
Circle 675 on page 19 


Stainless Steel 


Over 20 tables in booklet SS-38 
on stainless steel sheet and strip 
present detailed data on corrosion 
resistance, fabrication properties, and 
weight per lineal foot in various 
widths and gages. Selection data 
and an industry index of applications 
are included. 32 pages. Allegheny 
Ludlum Steel Corp. 

Circle 676 on page 19 


Motors & Drives 


“The Moving Force of Industry” 
is an illustrated bulletin on a line of 
alternating and direct current mo- 
tors, gearmotors, motor-generator 
sets, motor controls and packaged 


mechanical and electronic adjustable 
speed drives made by 
its Reeves Pulley Div. 
2501 has § pages. 
& Enzineering Co. 


teliance and 
Bulletin A- 
Reliance Electric 


Circle 677 on page 19 


Automatic Filters 


Dual purpose automatic filter with 
interchangeable filter elements is 
available with elements for lubricat- 
ing oils and similar liquids, and cool- 
ants. Technical details of both types 
are presented in bulletin 822-823 
4 pages. Bowser, Inc. 

Circle 678 on page 19 


Control Centers 


Information on Square D control 
centers and how to plan and write 
specifications for them is presented 
in illustrated manual SM 244. Vari- 
ous types available, design features, 
selector charts and steps in planning 
are outlined. 16 pages. Square D Co. 

Circle 679 on page 19 


Leaded Steels 
Basic characteristics, mechanical 
properties and workability of leaded 
steel are covered in illustrated book- 
let. Advantages include free ma- 
chining, fast feeds and speed and 
built-in lubrication. Several case his- 
tories are presented. 16 pages. Cop- 
perweld Steel Co., Steel Div. 
Circle 680 on page 19 


Forged Steel Connections 


Easily installed Couplets, or branch 
connections for tanks, pressure ves- 
sels and pipelines are described in 
illustrated bulletin CP-1-57. Dimen- 
sional data and_ specifications on 
screw-end and socket-welding types 
on 90-degree connection are given. 
4 pages. H. K. Porter Co., W-S Fit- 
tings Div. 

Circle 681 on page 19 


Chemical Resistant Sheet 


Detailed information on Saraloy 
898, a chemical resistant flexible 
thermoplastic sheet for lining of 
storage and processing tanks, medi- 
um to large diameter pipes and fit- 
tings, fume ducts and hoods is pre- 
sented in illustrated bulletin 171-77. 
Properties, installation data, care 
and repair are covered. 18 pages. 
Dow Chemical Co. 

Circle 682 on page 19 


Pumps 
Line of recirculating and coolant 
pumps for sidewe . mounting or im- 
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IN AUTOMOTIVE TRIM, roo. S panonilled Q)uokig 


STANDS OUT 














SOMOROFF-N.Y 


Only Stainless Steel has really lasting beauty that defies flying stones, road 
chemicals, salt air, rust and corrosion season after season. Discerning ; For 56 Years 
automotive designers used more Sharon Stainless Steel this year than ever SHARONSTEEL 6 Quality Vame 
before for exterior and interior trim and accessories. in Steel 
SHARON STEEL CORPORATION, SHARON, PENNA. 
1%6 


CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SEATTLE, MONTREAL, TORONTO 





Automatic fastening is quick 
and economical with 


Townsend tubular rivets 


You reduce material and unit 
costs, get quick, secure fastening 
of metals, plastics and fabrics 
with Townsend tubular rivets. 
Any degree of automation is pos- 
sible, for these rivets feed smooth- 
ly in all makes of machines—they 
have the uniform physical prop- 
erties and accurate dimensions es- 
sential to precise operations. 
Townsend tubular rivets gen- 
erally have a lower installed cost 
than any fastener—also the slight 
pressure required to set them pre- 
vents damage to soft or fragile 
material. When properly clinched 
they have great holding power— 
develop sheer strengths compar- 


able to bulkier, more expensive 
fasteners. 

Tubular rivets are light in 
weight— present an attractive ap- 
pearance~—add decorative appeal 
to many products. Townsend sup- 
plies these rivets in steel, brass, 
copper, aluminum, nickel-silver, 
and other special materials. 

Quick delivery is assured by 
large stocks maintained in New 
Brighton, Pa.; Chicago; Santa 
Ana, Cal.; and Gananoque, On- 
tario. For information on how to 
increase fastening efficiency, write 
for Bulletin TL-103 to Townsend 
Company, P.O. Box 237-E, New 
Brighton, Pa. 


The Fastening Authority 


ownsend 


COMPANY + ESTABLISHED 1816 


NEW BRIGHTON, PENNSYLVANIA 


Sales Offices in Principal Cities 


Cherry Rivet Division * Santa Ana, California 


In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 
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mersion installations is subject of il- 
lustrated catalog 7444. Motorpumps 
range from 4 to 10 hp and deliver 
up to 500 gpm at heads to 160 ft. 
4 pages. Ingersoll-Rand Co. 


Circle 683 on page 19 


Steel Tubing & Pipe 
Data chart explains tolerances for 
both seamless and welded mechan- 
ical tubing and seamless and welded 
stainless steel tubing and pipe. Per- 
missible variations are given. 2 
pages. Peter A. Frasse & Co. 
Circle 684 on page 19 


Centrifugal Castings 
Examples of products made from 
centrifugal castings in various al- 
loys are given in illustrated bulletin 
100. They can be up to 33 ft long, 
7 to 44 in. OD, light or heavy walled 
and in any section or segment. Prop- 
erties of available ferrous and non- 
ferrous alloys are given. 12 pages. 
Sandusky Foundry & Machine Co. 
Circle 685 on page 19 


Process Control Instruments 
Pilot controllers, transmitters, re- 
ceivers and recording controllers are 
pneumatic process control instru- 
ments described and illustrated in 
catalog 505. Specifications of all 
units are given, along with applica- 
tion and design data. 16 pages. 
American Machine & Metals, Inc., 
United States Gauge Div. 
Circle 686 on page 19 


Gearmotors 
Foot and_ shaft-mounted right 
angle gearmotors are described and 
illustrated in bulletin 193-557 which 
also outlines their design features. 
4 pages. Sterling Electric Motors, 
Inc. 
Circle 687 on page 19 


Wiring Terminols 
“What Goes On Here?” is an il- 
lustrated bulletin which describes 
connectors, terminals, splices, panels 
and components for OEM, electronic, 
appliance, aircraft and military ap- 
plications. Features of each are out- 
jined. 8 pages. Burndy Corp., 
Omaton Div. 
Circle 688 on page 19 


Vibration Testing 

Five vibration test systems utiliz- 
ing the new Calidyne model 177 wide- 
band high performance vibration 
shaker are detailed in bulletin 17700. 
Equipment can be used for struc- 
tural response determination, en- 
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To automate airframe construc- 
tion, General Riveters, Inc., de- 
signed this giant wing riveter. It 
clamps the work, drills, feeds and 
drives the rivets automatically... 
has increased production by as 
much as 400%, yet requires only 
a single operator, 


ENGINEERING DATA GA SERIES RELAY 
Multiple Leaf AC or DC 


PaB RELAYS AUTOMATE 
THIS GIANT RIVETER for new 


Lockheed Electra Wings 
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CONTACTS 

Material: *.” fine silver (other contact materials can be 
This new automatic riveter will be used to make wings for 
the new Lockheed Electra, a prop-jet luxury liner, as well 
as many other modern aircraft. The heart of this riveter is a 
relay circuit that ‘‘takes orders” from a pattern of holes 
punched in 35 mm film strips. 

General Riveters, Inc. selected the GA Series P&B relay 
for the control circuits of this riveter because of its unusual 
dependability and versatility. In adapting this relay to a 
specific application, P&B’s engineers again demonstrated how 
25 years of creative engineering can pay off by providing a 
standard type or completely new relay to solve your particular 
problem. Write today for new compact catalog or engineer- 
ing consultation. 


furnished for specific applications) 
Rating: 5 amp. 115 V. 60c non-inductive load 
Arrangements: 4 Form C Max., AC; 6 Form C Max., DC 
Breakdown: !000 V. RMS between all elements 
COIL 
Resistance: 30,000 ohms max. 
Power req'd: 6 W. max., 2 W. min. DC at 25° C. ambient 
V range: DC to 110 V.; AC to 230 V. 
DIMENSIONS, MAX. 
17942” L. x We” W. x 17542” H. 
MOUNTING DATA 
4 tapped #6-32 holes, .750” x .875” 0.c. | tapped #8-32 
core 
ENCLOSURES 
Hermetically sealed, octal plug: 2'%2” x 17%” x 175%,” 
Multiple solder header and miniature plug-in: 2'5/2” x 17%” 
x 1254)” 
Special container required for 6 Form C 
TERMINALS 
Contacts: two #16 AWG wires 
Coil: two #20 AWG wires 


P&B Standard Relays are available at your local 
electronic, electrical and refrigeration distributors 


Potter & Brumdield, ine. 


PRINCETON, INDIANA Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. 


Ooo eee eee ee eee eee eee ee ee 


See our catalog in Sweet's Product Design File 
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“It’s round,” said Chris, ‘‘perfectly round!” 


Columbus proved the earth was round, 
just as Universal’s 100% inspection proves the perfect 
roundness of its classic precision balls— 
quality controlled perfection for every possible 
application by designer and manufacturer. Both 
metallic and non-metallic materiais are precision lapped 
to tolerances as fine as 0.000005 of an inch. 


If it’s round—perfectly round—it’s a Universal Precision Ball. 
UNIVERSAL QUALITY CONTROL—FOR ALL AROUND PERFECTION 


°-| Universal Ball co. 





® | WILLOW GROVE, MONTGOMERY CO., PA 
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START WITH THE BEST! 


Are you up to date 


on Fluorocarbon Stock and Parts? 


SHAMBAN tee von: 
KEL-F, CALIFILM 
Tape + Sheet - Rod + Tubing: 
Custom Molded or Machined Parts 


Exacting specifications? Meet or exceed ‘em 
with SHAMBAN! Whatever your requirements 
in Teflon, Kel-F and Fluorothene—SHAMBAN 
can supply them! 

Back-up Rings...O-rings...Piston rings... 
Scraper rings... Valve packings... Vee-seals... 
Tape...Spaghetti...Insulators...Film... 
Grommets...Glass fabrics... Fiber felt... Ex- 
truded shapes... Uncured tape... Filled Teflon 
...Bondable film...Cementable sheet and 
tape. 

Throughout industry, SHAMBAN’s remark- 
able Qualities are pointing ways to improve 
existing products—providing opportunities to 
create new products and applications! Write, 
wire or phone for complete data on how 
SHAMBAN can help you. 


du Pont Trademark 


Use the BEST in Fluorocarbon Products, Specify SHAMBAN ! 


W.S. SHAMBAN & CO. 


11617 W. Jefferson Blvd., Culver City, California 
Meyer Road, Fort Wayne, Indiana 
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vironmental testing and fatigue test- 
ing. Systems provide up to 5000 Ib 
force output. 6 pages. Calidyne Co. 

Circle 689 on page 19 


Coolant Pumps & Accessories 


The complete line of Gusher cool- 
ant pumps, portable tanks and 
mounting brackets is subject of il- 
lustrated general catalog. Motor, 
shaft and pulley driven pumps in full 
range of capacities are described, 
and design and performance data are 
given. 66 pages. Ruthman Ma- 
chinery Co. 

Circle 690 on page 19 


Fluid Flow Control 


“Positive Flow Control’ is title of 
illustrated catalog 600 on line of pro- 
portioning pumps and diaphragm 
valves. Four pumps afford accurate 
proportioning of flow in range of 0 
to 730 gph. Various constructions 
are available to handle all types of 
fluids including corrosive _ liquids, 
gases, air, water and slurries. 12 
pages. Hills-McCanna Co. 

Circle 691 on page 19 


Variable Speed Belts 
Features and_ specifications of 
Worthington-Goodyear variable speed 
V-belts as well as interchange num- 
bers are presented in bulletin 1640- 
Bl P. Synthetic fiber cords add to 
strength and life. 8 pages. Worth- 
ington Corp. 
Circle 692 on page 19 


Cellular Rubber Floats 


Custom fabricated to meet any 
need, UHR-1 unicellular hard rubber 
floats are suited for use in oil, fuel 
and other liquids. Full information 
is given on this fungus and corro- 
sion resistant material in bulletins 
5870 A 11 and B 1. 2 pages each. 
Parker Appliance Co., Rubber Prod- 
ucts Div. 

Circle 693 on page 19 


Hydraulic Tubing 
Information on mechanical, pres- 
sure, heat exchanger, condenser, hy- 
draulic oil line, diesel fuel line, pump 
cylinder, precision ground and spe- 
cial shape tubing with the new Hy- 
draluster bright finish is tabulated 
in design bulletin. 4 pages. Sum- 

merill Tubing Co. 
Circle 694 on page 19 


Heavy Duty Relays 
Switching loads up to 15 amp at 
600 v ac maximum are handled by 


MACHINE DESIGN 
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AUSTIN-WESTERN WORKS DROTT CATERPILLAR’ 


MECHANICS close-coupled type Roller 
Bearing UNIVERSAL JOINTS are specially 
designed for operation within cramped quar- 
ters, and where shafts are out of alignment — 
as in twin-tractor power unit silhoutted 
above and in rear engine cars, tractors, trucks 
and busses. Let our engineers show you how 
these MECHANICS joints will conserve 


space and compensate for offset shafts, in 


your new models. These joints fit into spaces 
that engineers formerly considered too short 
for universal joints. Our new catalog — 
showing complete line of MECHANICS 
Roller Bearing UNIVERSAL JOINTS and 
containing handy joint tracing kits — will be 
sent to manufacturers, upon request. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner ® 2032 Harrison Ave., Rockford, Ill. 


MECHANICS 


Roller Bearing [ii 


UNIVERSA 


For Cars « Trucks + Tractors «+ Farm 














Wren 


implements * Road Machinery - 


Aircraft - Tanks * Busses and Industrial Equipment 
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THIS Prociai 


SINGLE REVOLUTION CLUTCH 
can be actuated at 


60 CYCLES PER SECOND! 


IMMEDIATE 
DELIVERY 
for bread-board testing 
——‘ Over-runs up to 3600 r.j.m. 
30 Ib.-in. torque—%4” bore 
Model No. SR-2 


TESTED FOR 20,000,000 CYCLES 
. with no measurable wear. There is no practical limit to the 
endurance of a Precisionspring Single Revolution Clutch. No 
loss of driving torque. 


POSITIVE, ACCURATE POSITIONING 


You can depend on the unfailing accuracy of these clutches. 


FULL LINE OF STANDARD CLUTCHES 


... torque capacities of 10, 30, 50, 100 and 200 Ib.-in.. . . avail- 
able Sept. 1. Per pound-inch of transmitted torque, they will 
be smaller, lighter and more compact than other clutches. 


EASILY ENGAGED AND DISENGAGED 


The energizing force required for engagement and disengage- 
ment is very small, which means that simple and inexpensive 
methods of actuation can be used. 


LOW FIRST COST, LOW MAINTENANCE 


In large quantities, the clutch illustrated above costs only $15.00. 
The first cost is the last; no lubrication or other maintenance. 


MARQUETTE DIVISION 


CURTISS-WRIGHT 


CORPORATION © CLEVELAND 10, OHIO 
MARQUETTE DIVISION 
1145 Galewood Drive, Cleveland 10, Ohio 
(_] Send clutches checked below, at $51.00 each, under full 


warranty. Our order No... 





M | A A ieee 
MAIL THE (-] Model No. SR-2-1—Clockwise rotation 
COUPON f [-] Model No. SR-2-2—Counter-clock rotation 


(_] Send complete information about Precisionspring Clutches. 


COMPANY 








NAME (Please Print 





TITLE ADDRESS 
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type IMP and FMP heavy duty re- 
lays. Design and applicat’ m data 
are presented on plug-in ar. itching 
types with 2 to 8 poles. uey are 
particularly suited for ma*nine tool 
control. 8 pages. Arrow-Hart & 
Hegeman Electric Co., Industrial Con- 
trol Div. 

Circle 695 on page 19 


Engine Transmissions 
Synchronized transmissions, Step- 
Matic transmissions, TransVerters 
and torque converters ranging from 
11 to 26 in. in size are detailed in 
“Power Transmission Equipment’”’ 
catalog. Five-speed units with nom- 
inal torque ratings up to 425 Ib-ft 
are shown. Cutaway view shows de- 
sign of the torque converter. 12 
pages. Clark Equipment Co., Trans- 
mission Div. 
Circle 696 on page 19 


Heat Resistant Castings 
Properties of Thermalloy heat re- 
sistant castings which adapt them 
for service at high temperatures are 
stressed in illustrated bulletin T-225. 
Typical applications are shown, and 
design considerations are covered. 
16 pages. American Brake Shoe 

Co., Electro-Alloys Div. 
Circle 697 on page 19 


Screw Pumps 
Double external bearing and gear 
type and double external bearing 
and gear hopper type screw pumps in 
ratings up to 250 hp are described in 
bulletin S-206. Both jacketed and 
unjacketed types of pumps are avail- 
able. 6-pages. Warren Pumps, Inc. 
Circle 698 on page 19 


Cold Forming Steel Bars 
Described as a new method for 
cold reduction of steel bars into 
multiple diameter shaft blanks ready 
for finish turning, the Die-Form 
Process i= subject of illustrated fold- 
er ADV-746. 4 pages. Republic 
Steel Corp. 
Circle 699 on page 19 


Stainless & Alloy Pipe 

Manual on stainless steel and high 
alloy pipe and tubing describes prod- 
ucts ranging in size from % to 40 
in. OD. Separate sections cover prod- 
ucts for high pressure, aircraft, heat 
resistant, beverage and dairy equip- 
ment, ornaments and mechanical 
equipment uses, as well as shaped 
and formed tubing. 48 pages. Re- 
quest on company letterhead from 
Trent Tube Co., East Troy, Wis. 


MACHINE DESIGN 
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This Rem-Cru titanium wheel, whirled at high speed, withstood more stress than the strongest steel 


How strong and tough is titanium? 


Part of the answer is shown in a dramatic test, which may titanium wheel had to be notched before it would break at all 
illustrate some of the characteristics you are looking for. If you’re looking for a strong, tough metal, with light 
An 18-pound jet compressor wheel of Rem-Cru C-130 AM weight and exceptional corrosion resistance, Rem-Cru ti- 
titanium alloy was whirled at tremendous speeds. It with- tanium is the answer. It’s promptly available in the grades 


stood far more rpm’s than the strongest steel. Jn fact, this and sizes -you want. 


REM-CRU 
TITANIUM 


MIDLAND, PENNSYLVANIA 


Sales Offices: 6033 East Bandini Boulevard, Los Angeles 22, California » 4501 W. Cortland Street, Chicago 39 


World's Most Versatile Metal 


405 Lexington Avenue, New York 17, N. Y. 


Circle 504 on page 19 








New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Shoulder Screws 


are upset-forged 
for high strength 


Upset-forged shoulder screws are 
available in diameters to 21% in. 
in any length. Unbroken and uni- 


form grain flow of forging assures 
high-strength characteristics, close 


LU 
“Po 


tolerances and material savings. 
Applications include use as axles, 
mounting bolts, conveyor system 
links, and in die sets. Cleveland 
Cap Screw Co., 4444 Lee Rd., Cleve- 
land 28, O. 

Circle 700 on page 19 


Variable Autotransformers 


have increased 
current ratings 


Type W50 Variac, shown, is avail- 
able in a complete series, including 
115 and 230-v models, cased and 
uncased units, and ganged assem- 
blies. Rated currents are 50 and 
25 amp for single 115 and 230-v 
models, respectively. Motor drives 
are available in several speeds for 
all units. Type W5L is for 115-v, 
60-cycle applications where over- 
voltage is not needed. Unit con- 
trols loads up to 11 amp at line 
voltage, providing output-power 
rating of over 114 kva. Up to 8.5 
amp may be drawn from unit at 
any voltage. Cased models and 


184 


two and three-gang assemblies are 
also available. General Radio Co., 
275 Massachusetts Ave., Cambridge 
39, Mass. 

Circle 701 on page 19 


Valve 


combines union 
with ball valve 


Installation of a separate union to 
provide breaking point in a line is 
eliminated with the use of Union- 
3all valve which combines the 
function of a union and a bal! valve 
in one compact unit. Resistance 
to flow is below that of globe or 
gate valve. Operation is unaffect- 
ed by flow reversal, since ball is 
fitted with twin seals. Metal com- 


ponents are bronze, aluminum 
bronze, or aluminum. Seat and 
seal materials are Buna-N, Hypa- 
lon, Neoprene, natural rubber or 


accommodate a_ wide 
Components are 
interchangeable if fluid in sys- 
tem is changed. Worcester Valve 
Co. Ine., 20 Parker St., Worcester, 
Mass. 


Tefion to 
range of media. 


Circle 702 on page 19 


Electric Timer 
is nuclear powered 


Betachron F nuclear-powered fixed- 
interval time delay is a_ small, 
hermetically sealed unit with use 
life of over 25 years. Self-con- 
tained nuclear battery and asso- 
ciated circuitry provides electrical 
time delay from milliseconds to 40 
hr with accuracy of +3 per cent 


over temperature range of —65 to 
165F. Energy output to 200,000 
ergs is provided at a standard con- 
nector. Unit is suitable for time 
delays, alarm systems, missile and 
weapons systems. Universal Wind- 
ing Co., Patterson-Moos Div., 90-28 
Van Wyck Expressway, Jamaica 
is, N: ¥. 

Circle 703 on page 19 


Hydraulic Cylinders 


are miniature units 
Hydraulic cylinders are 3000-psi, 
noncushioned units available in 


bore sizes of 1%, %4, 1, 144 and 


MACHINE DESIGN 





in an Economical, Compact, Lightweight, Quality Package 














ACTUAL 
SIZE 


Designed for a Wide Variety of Applications ... 
or can be Tailor-Made for Specific Requirements 


Here is a motor designed and styled to meet the modern 
demands for motors that are smaller and lighter, and yet 
have increased output. It is ideal for heating, ventilating, 
air conditioning or refrigeration equipment, for appliance 
applications, and for business and vending machines, 
pumps, tape recorders, and dozens of other applications. 

The basic AL-4 is a 4-pole motor, 1550 r.p.m., 115 volts, 
60 cycles, available in odd voltages and frequencies. The 
normal horsepower range is 1/250th to 1/15th. It incor- 
porates two famous Redmond design features that have 
never before been available in a small diameter motor: 

1. The patented Redmond Tri-Flux® design that greatly 
increases starting and running torque and improves 
efficiency over conventional small diameter motors; 

2. The Uni-Cast® construction that gives a rigid, light- 
weight motor that can be manufactured to extremely 
close tolerances. 


—| 


Because with Uni-Cast construction the stator core frame 
is precision die cast in one piece, the registers are machined 
concentric to the bore to extremely close tolerances. The 
exact bearing alignment and uniformity of air gap achieved 
with this precision manufacturing result in a motor that is 
whisper-quiet in operation and can be depended on to 
give years of trouble-free service. 

Casting the stator core frame in one piece not only makes 
the motor most rigid, but it is light in weight, as a very 
durable and lightweight metal is used. 

This modern motor can save money on a host of applica- 
tions. If you are looking for a motor in volume quantities, 
send for the literature described below. 


a Rime et SEND FOR COMPLETE PERFORMANCE DATA 


For the complete story on the yiseD IN 
ADvEMaaturday EveninG COMPANY, INc. 


new AL-4 motor—dimensions, ihe Satu 

performance, operational : 

data, and suggested applica- Pp OWOSSO, MICHIGAN 
tions—write for the “‘AL-4 

Bulletin.” 


THE BIG NAME IN SMALL MOTORS 


= 
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Waldron selects HS 
power transmission 


for sustained accuracy 
in tire fabric 
tensioning process 


Today’s rugged, heavy-duty tires call for extra measures in 
manufacturing to insure dependability and longer life. An im- 
portant process at Goodyear Tire and Rubber Company is this 
Nylon Tire Cord Unit designed and built by the John Waldron 
Corporation, New Brunswick, N. J. Its function is to apply 
tension to the basic Nylon cord fabric before it is calendered 
with rubber—a process that limits “‘growth”’ to an acceptable 
minimum when tires are in use. 

Essentially a stretching process that takes place while the 
fabric moves at a fair rate of speed, exacting power requirements 
must be maintained. A double reduction herringbone H&S 
speed reducer was recommended by H&S engineers, to be 
energized by a 150 H.P. motor. Power is then distributed to the 
tensioning machine rolls by a special H & S four shaft roll drive. 


Here’s an important job for which H & S equipment is well 
suited. The use of anti-friction bearings throughout, generous 
size of shafts, gears and housings, and accurate machining to 
close tolerances assure long life and completely satisfactory per- 
formance. Consult your H &S representative or write us, for 
help in selecting Speed Reducers, Roll Drives or precision gears 
of many types—for dependable power transmission. 





THE /HORSBURGH & SCOTT) CO. 


GEARS AND SPEED REDUCERS 
5112 Hamilton Avenue 
Cleveland 14, Ohio 





Circle 506 on page 19 
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New Parts 





114 in. They have low coefficient 
of friction seal. Rated at 3000 psi 
continuous service, with peaks to 
10,000 psi, they are available in 
strokes to 36 in. Oil-Dyne Inc., 
2115P W. Marquette Rd., Chicago 
36, Il. 

Circle 704 on page 19 


Gearmofors 


have ratings from 
14 through 5 hp 


Right-angle gearmotors are avail- 
able in all enclosures with ratings 
from 1, through 5 hp. Gear case 
and motor housings are No. 319T6 
aluminum alloy, which absorbs 
high torque characteristics of 
gearmotors, has good heat-trans- 
fer properties and is corrosion re- 


sistant. Motors are built for 
rugged continuous duty and meet 
all AGMA specifications. Sterling 
Electric Motors Ine., 5401 Tele- 
graph Rd., Los Angeles 22, Calif. 

Circle 705 on page 19 


Miniature Sine Switch 


withstands severe 
environmental conditions 


KX5 miniature switch is a high- 
capacity type which operates con- 
tinuously at temperatures to 375 F. 
Sealing is accomplished with glass 
and fused-ceramic headers. Unit 


MACHINE DESIGN 





‘ 


Electroly a 


Recovered 


salt sol, Wotfer 


(sodium chloride ) 
qaageg ; 


SE Models 2Fand 2)! Model D-11 
to 7.5 g.p.m., to 18 p.s.i. | 


to 2 g.p.m., 25-42 p.s.i. 


to 38 g.p.m., to 21 p.s.i. | 


Recent redesign of these close-coupled Centrifugal 
Pumps has gained tremendous ruggedness and 
allowed for a wide selection of power requirements. 

In every detail of size, weight, space requirements, 
power, and costs, Eastern pumps fill the bill for strict 
process standards. 

Six standard models range from i/8th to 3/4 H.P., 
with capacities up to 70 G.P.M., pressures to 65 P.S.I. 
Eastern Centrifugal Pumps are available in Cast Iron, 
Bronze, Stainless Steel, Monel, and Hastelloy “C”. 
Eastern’s engineering service offers many special models 
to meet your specific needs as to capacity and 
construction. Recommendations entail no obligation, 
and your inquiries are invited. 
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Cleanout 7\__ 


(©) Models U-17 and U-34 _ Models W and Z 
\ 
to 70 g.p.m., to 11 p.s.i. 


oe ee " te 


ee eh _ Mother lige 


ee 


4 
Cooler and 
crystallizer 


w.-hr. 
4 


a. 
os Model F 
to 17 g.p.m., to 17 p.s.i. 


Models 3F and 3J 
to 5 g.p.m., 29-65 p.s.i. 


NEW EASTERN CATALOG 
Eastern Centrifugal Pump 
Catalog contains engineering 
data, performance charts, 
diagrams and helpful general 
information. Request 
Bulletin il0A. 


Se 


> INDUSTRIES, INC. 


187 





MECHANICAL 
ENGINEEKS 


Ever. wanted to be a member of a real 
: championship team?? As a member of the 
Product Development Engineering 
Department your “team play” will include: 


DESIGN You create basic design concepts based on practical means of accomplishment. 
Your concepts are translated by layout draftsmen to a more communicable 
form under your guidance. In other words, HOW, WHAT, WHY, WHERE 


systemized. 


DEVELOPMENT You evaluate, refine and improve; using the finest PRODUCT IMPROVE. 
MENT TOOLS. These “TOOLS” include the best TEST and RESEARCH 
facilities available and you have the added advantage of working alongside 


the top men in this field. 


PRODUCTION You supervise the evolution of a production model based upon engineering 
prototypes resulting from the Design and Development. Produceability and a 
high degree of reliability will be your responsibility. Your job will include 
the maintainability and function of Electro-Mechanical Devices, Precision 
Gear Trains and Packaged Electronics in the fields of Inertial Guidance, 


Avionics and Jet Engine Fuel Controls. 


Job assignments are accomplished by men Milwaukee offers ideal family living in 
operating as a team. Our program is expanding a progressive, neighborly community 
and Challenging Opportunities await qualified RECENT combining cultural and shopping 

men for important positions on our Engineering ME GRADUATE advantages with small town hospitality. 


teams. Why not you?? You and your family will love 


As a part of our Major, Permanent, INQUIRIES Milwaukee | 
Company Expansion Program rite) To erange eabeaeah confidential 
interview in your locality send 
INVITED résumé today to 

Mr. Cecil E. Sundeen 


Supervisor of Technical Employment 


new plant facilities are 
being added in 


suburban Milwaukee 


the ELECTRONICS 


piviiion GENERAL MOTORS CORP. 


FLINT 2, MICHIGAN ° MILWAUKEE 2, WISCONSIN 
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New Parts 





is unaffected by 200-9 shock and 
40-g vibration at 0-500 eps. It 
meets envelope size of MS24456 
switches. Current capacity is 10 
amp at 75 F. Steel case with- 


stands high impact and compres- 
sion loads. Terminations are either 
screw or solder type. Metals & 
Controls Corp., Spencer Thermo- 
stat Div., Forest St., Attleboro, 
Mass. 

Circle 706 on page 19 


Blind Rivets 


have 1/64-in. oversize diam 
to fill holes 


CKL blind rivets are 1/64-in. over- 
size on diameter to insure hole 
filling and to produce tight in- 
stallation in dimpled sheets. They 
are available with countersunk 
head style in a variety of sizes. 
Pin material is 7075-T6 aluminum 
alloy, anodized or with chemical 





surface treatment. Sleeve ma- 
terial is 5056-H14 aluminum alloy. 
Rivets are available in 1%, 5/32 and 
3/16-in. oversize sleeve diameters. 
Huck Mfg. Co., 2480 Bellevue Ave., 
Detroit 7, Mich. 

Circle 707 on page 19 


Ball Bearing 


has solid inner 
and outer raceways 


Unibal ball bearing has solid, un- 
broken inner and outer raceways, 
with full complement of balls. 
Radial and axial load capacities are 
increased because of raceway con- 
struction. Bearings are furnished 
in single row, double row, and 
flanged types. They have close 
tolerances on bore, outside diam- 


eter, and controlled radial and axial 
(Continued on Page 192) 


July 11, 1957 


” 


“3© - sTEP SPEED CONTROL 


WITH A 


lursl of the wrist / 


Easy to install...simple to service! 

No troublesome protective relays! 

No flashing contactors! 

No complicated electronic adjustments! 














Specially designed for machines where friction or torque is con- 
stant from high to low speed. Motor-generator set, controller and 
drive motor can be mounted independently, in any position. 


@ One control for all adjustments. 0 to 2400 RPM in 30 steps of 
80 RPM, forward or reverse. 


@ Totally enclosed Streamcooled construction... vernier rheo- 
stat for infinite speed control between steps... jog switch for 
machine adjustments... reversing switch changes rotation... 
many other features. 


@ Ideal for use on conveyors, pumps, mixers, shaker screens, 
packaging machines, fans and blowers, farm machinery, gover- 
ncr controls, similar machines. 


For complete engineering data 
write for Bulletin SP-600 


BALDOR ELECTRIC COMPANY 


3 ¢ 
4353 DUNCAN AVE. $T. LOUIS 10, MiSSCURI 
. F] 
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Which Packing 


A run of 2,800 cy- 

1 cles, ended by ex- 
cessive leakage, did 

this to a well-known make 
fabricated rubber packing. 
The test was run on a Justice 
testing machine at 4000 psi 
with a 6” stroke. Note that 
wear is at the heel, and that 
fabric is exposed and worn 


away. 


Here's an example of Houghton’s outstanding know-how 


Which packing would you choose? At right 
you see the proof of the clear superiority of 
Houghton’'s new fabricated synthetic rubber cup 
packing No. 3081. After 22,000 cycles, it shows 
far less wear than a competitive fabricated rub- 
ber packing at 2,800 cycles. Actually, some 
makes lasted only 1000 cycles in this test. 


Why do Houghton packings wear so much 
longer? First, the rubber itself has superior 
wear-resistance. It is a special Houghton high- 
density synthetic rubber. Fabric layers in 
Houghton packings are completely and uni- 
formly covered with rubber. The rubber takes 
the wear. The fabric does only the reinforcing 
job it is supposed to do. 

Because Houghton packings are pre-shaped, 


they don’t distort under pressure. They don’t 
have to “wear in’’ because they already have 
a pre-formed shoulder with minimum radius. 


In addition, there’s a PLUS feature. Instead of 
being surface-treated with graphite powder that 
wears off quickly after installation, Houghton 
packings are treated with a silicone lubricant 
to assure easy installation. It will not form 
valve-jamming sludge or residue in the hydrau- 
lic fluid, as graphite can. 


Houghton’s new #3081 packing is the hottest 
new development in packing science in years. 
Write today for Houghton’s new fabricated pack- 
ing bulletin—or ask the Houghton Man, the 
next time he calls. E. F. Houghton & Co., 303 
West Lehigh Avenue, Philadelphia 33, Pa. 


MACHINE DESIGN 





Ran Longer? 


After 22,000 cycles 

under the same con- 

® ditions, Houghton’s 

new fabricated No. 3081 cup 

packing still looked like this 

when leakage became suffi- 

cient to stop the test. The 

fabric is still completely and 

uniformly covered with rub- 

ber, even after 19,000 cycles 

more wear than the other pack- 
ing could deliver. 


in packing science...proved in a grueling comparison test 





Houghton Offers a Full Line of Hydraulic and Pneumatic Packings in a Complete Range of Outstanding Materials 
"Vv" PACKINGS VIM Leather «+ Wax impregnated « Rubber impregnated + VIX-SYN Homogeneous 
synthetic rubber « Fabricated synthetic rubber 


"u"’ CUPS VIM Leather + Wax impregnated + Rubber impregnated « VIX-SYN Homogeneous 
synthetic rubber 


CuPs ee « Wax impregnated « Rubber impregnated + VIX-SYN Fabricated synthetic 
rubber 
**O”’ RINGS VIX-SYN synthetic rubber 
GASKETS, SEALS AND MOLDED PARTS—Rubber or Leather 
FLUIDS AND OILS 
HOUGHTO-SAFE water-base and phosphate ester fire-resistant fluids « HYDROLUBRIC F. R. water-in-oil 
emulsion type fluid, for less hazardous applications « HYDRO-DRIVE hydraulic oil 
« HYDROLUBRIC additive for water hydraulic systems 


products of... : WOUG A 


VER gh - VERON - 
PLN 











Ch 
Wh = a Ready to give you 


on-the-job service... 
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| New Parts 


-PROPORTIONEERS, INC. [iigwemmcrsry 
look beyond 





play. Integral labyrinth seals on 
one or both sides are available 
where sealed-type bearings are re- 
quired. Heim Co., 20 Sanford St., 
Fairfield, Conn. 

Circle 708 on page 19 


Miniature Transformers 


for transistor circuits 


Seven miniature DO-T transistor 

‘ i. ... rE transformers weigh only 1/10-o0z 
; be , “ / each and are fully sealed to MIL- 
when fe S | T-27A specifications. Included in 

Be ; i : | the group are 500 mw units de- 

signed for pushpull transistor to 


selecting ~ ! , 600 ohm line, a chopper input 


transformer, transistor interstage 


@ Wherever fluid proportioning is used in industry, the Model 1106 
Proportioneer Pump is known for its work-horse stamina, its watch-like 
accuracy. Helping to build this reputation for ruggedness and precision, 
Winsmith Speed Reducers have been selected for use on these pumps 
since 1932. 

Proportioneers, Inc., a division of B-I-F Industries, rate performance ; 3 
transformer, and a_ line-to-line 
matching transformer. United 


find a highly important extra that’s not for sale b i freel ne Sea ee ee es 
z ‘ oxtr, at’s nc ale xiv y = 7 eax 
ee f oe Dut given Keeely Bt | Now York 13, N.Y. 


as the main reason for continued selection of Winsmith reducers but in 
looking beyond the price tag and the performance they pay for — they 


Winsmith — that’s co-operation in helping customers to solve speed Circle 709 on page 19 
reducer problems. 


As Proportioneers, Inc., puts it: "... co-operation is one of those things Indicati Ligh 
that can’t be covered by a price tag but it is one of the big reasons why n icating 1g t 


we have stayed so long with Winsmith.” provides for 


When you select Speed reducers, keep this extra in built-in testing 


mind. The services of our engineering department PresTest oiltight indicating light 
are always at your service to help you offers a means of checking for 

select the right reducer for faulty bulbs, without tools or dis- 

ee — een 3/09 mantling, by pressing on the lens. 

ee Single-pole, double-throw momen- 

tary-contact switch is built into the 

unit. Normally closed position is 

on standard circuit; normally open 

position is on separate, constantly 

WINSMITH, INC. energized mornentary-contact cir- 


16 Elton Street cuit. Full range of colors is avail- 
Springville (Erie County) N. Y. able in both resistor and trans- 


Circle 511 on page 19 Circle 512 on page 19> 
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Silicone-Glass Heat Dam Combines 
Thermal Insulation, High Strength 


Designers looking for a strong, light- 
weight, vibration-resistant material 
that will also serve as a thermal insu- 
lator or “heat dam” are finding the 
answer in silicone bonded glass lami- 
nates. A typical application is the 
generator wiring cap used successfully 
on one of the more popular jet engines. 
The stamped metal covers previously used 
conductors of heat and 
withstand the _ high- 
frequency, low-amplitude vibration 


were notorious 


none could long 


Maintenance 
abnormally 
manufacturer 


characteristic of jet 
and replacement 
high until the engine 
replaced the metal covers with caps made 
(Cont. Pg. 2) 


engines. 


costs were 


from silicone-glass laminate. 








WESTINGHOUSE INTRODUCES STANDARD 


LINE OF SILICONE INSULATED D-C MOTORS 


While most leading manufacturers of 
electrical equipment build silicone insu- 
lated units for special purposes, now for 





Silicone Fluids Provide More Uniform Vibration Damping 


For reliable and uniform vibration 
damping, there’s no more practical 
viscous medium than Dow Corning 200 
silicone fluids. With their inherent 
thermal stability, these semi-inorganic 
fluids maintain near constant viscesity 
over exceptionally wide ranges of iem- 
perature. Here’s how the Sesco Engi- 
neering Division of the Haines Gauge 
Company utilized the advantages of a 
Dow Corning 200 Fluid to engineer a 
smaller and lighter-weight vibration 
damper for use in aircraft. 

This miniature damper gives accurate, reli- 
able service at temperatures ranging from 
—60 to over 160 F. Because the 
Dow Corning 200 Fluid as the damping 
medium eliminates the need for a mechani- 
the compactly 


use of 


cal compensating device, 


designed unit weighs only 9 ounces filled 


It effectively 
smooths 
unwanted 

vibration or 

“hunting”. . 

and can be 

regulated to 

allow any de- 

sired amount of vibration in a system that 
is required to oscillate. 


out 


Ball-bearing equipped for minimum fric- 
tion and sealed against atmospheric effects, 
the Sesco unit operates efficiently in any 
position. Special models for extremely low 
temperature use are equipped with seals 
and diaphragms made from Silastic*, the 
Dow Corning silicone rubber. No. 406 


* 
T REG. U.S. PAT 





the first time Westinghouse’s new Life 
Line “H” series offers the advantages 
of silicone insulation in standard “off 
the shelf” d-c motors and generators. 


Dow Corning Silicones have been used in 
combining a high temperature insulating 
system with complements of copper and 
iron equal to those used in conventional 
Class B machines. As a result, these new 
motors and generators rated at Class B 
temperatures have at least 10 times longer 
insulation life. 

In addition, Dow Corning silicones help 
provide extra protection against emergency 
overloads and abnormal ambients to reduce 
motor maintenance. Insulation is no longer 
a limiting factor to motor life. Already 
in production, the new dc motors span 
ratings from 1 to 150 hp: the dc gener- 
ators are rated from * to 100 kilowatts. 
Life Line “H” equipment is designed to be 
especially useful for automated processing 
where insulation failure in one unit may 
shut down an entire assembly line throw- 

(Cont. Pg 
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Solventless Silicone Impregnating Resins now 
commercially available for electrical and elec- 
tronic equipment, are free-flowing, can be 
blended, and have good pot life. On curing, 
these silicone encapsulating resins set to a solid 
mass having good electrical and physical prop- 
erties; and retain such properties that a service 
life of 10 years at 400 F is indicated. No. 410 


® 


Silicone Insulated Motors Last Longer—Cost Less 
A new brochure bears out this fact with numer- 
ous case histories of motors operated for years 
under adverse conditions in many different 
industries. An_ illustrated booklet, it’s sure to 
suggest ways in which you can use silicone insula- 
tion to obtain low-cost protection against the 
effects of overloads, high ambient temperatures, 
rapid reversing, moisture, and corrosion. No. 411 


“Rubber From Rock,” a new color-sound movie, 
explains how Silastic, the Dow Corning silicone 
rubber, is manufactured from quartzite. Demon- 
strates why parts fabricated from Silastic retain 
rubber-like properties from —130 to over 500 F 
in a wide variety of military and _ industrial 
applications. Also covers uses for Silastic as a 
dielectric in electronic and electrical equipment. 
To arrange for a showing of “Rubber From 
Rock” in your plant, circle 


e 


the first silicone rubber available 
that combines h. trength with thermal 
stability, is —130 to 500F, 
has good electrical properties, and is easy to 
compound and process. No. 413 


2 


Dow Corning Silicone Lubricants, including oils 
and greases, are described in a new, illustrated 
8-page brochure that gives their properties, 
lists their applications, and cites factors which 
contribute to obtaining longer life. No. 414 


Parts and components made with Dow Corning 
Silicone Molding Compounds are _ lightweight, 
show excellent resistance to heat, and have good 
structural ana electrical properties. Used as 
brush holders, collector rings, terminal boards, 
multiple lead connectors, heat dams for turbine 
driven alternator bearings, and aircraft brake 
shoe backing. No. 415 


Silastic 916, 


serviceuwie from 





RELIABILITY OF “SNARK” MISSILE INSTRUMENTS 
ASSURED BY SILICONE RUBBER ENCAPSULATION 


Engineers at Northrop Avi- 
ation take no chances on the 
performance of intricate 
high impedance circuits in 
the “Snark” guided missile, 
the F-89 Interceptor and 
other Northrop projects. 
They virtually “seal in” top 
performance by completely 
encapsulating the brains of 
these units in Silastic* RTV. 
A new, easy-to-apply silicone 
dielectric that vulcanizes into 
a rubbery solid at room tem- 
peratures, Silastic RTV provides positive 
protection for even the most delicate elec- 
tronic components. All panels containing 
resistors, capacitors, transistors and other 
recording and transmitting gear are em- 
bedded in this Dow Corning silicone rub- 
ber. According to Northrop engineers, a 
single coating— 
* provides an effective cushion against 
vibration 
assures maximum moisture resistance 
improves electrical properties, especi- 
ally surface resistivity 
protects assemblies against rough 
handling 
¢ may be applied with a caulking gun 


Another important advantage of using 


i 


Silastic RTV 

in this appli- 

cation is the 

ease of in- 

specting or 

replacing in- 

dividual com- 

ponents after assembly. 

The silicone rubber “skin” is simply slit 
open to expose the component. Such 
Openings are easily patched with more 
Silastic RTV. 

Silastic RTV ranges from a heavy putty 
to a fluid-like consistency. It attains opti- 
mum physical and dielectric properties in 
4 to 7 days. No. 407 


* 
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WESTINGHOUSE MOTORS ( continued ) 
ing production schedules and costs way 
out of line. 

The extra overload capacity provided by 
the silicone insulation system makes these 
motors ideal for conveyor, pump, blower 
and processing motors in mines; for drive 
motors in the glass, machine tool, paper 
and metals indus'‘ries; for conveyor drive 
motors in materia! handling and many 
other processing industries. 

The use of silicones in this complete line 
of standard motors within NEMA ratings 
is a big step forward in the accelerating 
trend toward more extensive use of silicone 
No. 408 





insulation systems. 


“HEAT DAM” ( continued ) 
Not only do the new silicone-glass caps 
afford better protection for the wiring at 
unusually high ambients, but the laminate 
actually has a higher strength-to-weight 
ratio than many light metals at elevated 
temperatures. 


Bonded with Dow Corning silicone resins, 
the laminated glass caps are fabricated by 
Joclin Manufacturing Company, North 
Haven, Conn. They are supplied in various 
thicknesses ranging from 7 to 14 plys and 
maintain their complex, multiplane con- 
figuration perfectly despite exposure to 
severe vibration at operating temperatures 
as high as S00 F. No. 409 





Dow Corning Corporation, Dept. 6819, Midland, Michigan 
406 407 408 409 410 
411 412) «413 44415 
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SILICONE NEWS is published for product design and development engineers by 


DOW CORNING 


DOW CORNING 


fiiziag in silicones 
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SILICONES 


MIDLAND 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS 
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DETROIT 
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off the shelf 
STOCK BORE service 


yer from your ACME 


industrial distributor 


For off-the-shelf service on stock 
7 items, or quick deliveries on 
former types. Cutler-Hammer Inc., 


328 N. 12th St., Milwaukee, Wis. STEEL AND CAST IRON ; ‘ 
Circle 710 on page 19 SINGLE SPROCKETS is fully equipped to meet your 


specials, your ACME distributor 


ip. needs. His engineering experi- 
F ghee 


Cap Nuts y - ence, his facilities and know-how, 


ef black Nylea and his draw on the largest stock 


of chain drive items in the coun- 
Knurled and slotted cap nuts of ) ; CAST IRON try make him a useful man for 
black Nylon can be used with rods HUB 
or screws and also serve as knobs. | ‘<9 SPROCKETS 
They are useful in electrical in- ! 
stallations where high dielectric 
strength and resistance to corro- 
sion are important. Sizes, with -| 


you to know. Contact him now! 


CONVEYOR CHAIN 


STANDARD and ZG 


American Standard threads, in- | OVERSIZE * tw" Sa 
clude 6-32, 8-32, 10-32 and 44-20. | , ” ROLLERS ~+ Te 


Weckesser Co., Dept. MDC, 5701 
Northwest Highway, Chicago 30, 


Ill. 
ALL STEEL SPLIT 
OR SOLID HUBS 
FOR LARGE DIAMETER 


Gear Pump Pili SPROCKETS 


Circle 711 on page 19 


has 214 in. diam 
and 114 in. height 


Unidirectional sealed gear pump 

can be mounted on any machine 

requiring fluid circulation for lub- 

rication or other purposes. De- 

signed to be driven from a rotat- | ANb MULTIPLE 

ing machine shaft, either directly ROLLER CHAIN DRIVES 
or through gear or chain drive, 

pump is applicable to machine FREE CATALOG 

Write Dept. 6L for your &.— ROLLER CHAIN 


80 page copy of Acme’s 
latest catalog. Packed SINGLE and MULTIPLE STRAND 


with valuable data. 


y=)" 


6) 


- 


tools or other machines requiring 

flood lubrication over gear trains, 

chains or cams. Lip-style seal, lo- 

cated on drive shaft, withstands | for Service 

back pressures to 20 psi. Built-in | Beets. 5h 
relief valve prevents loading seal 
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AUTOMOBILE and TRUCK FRAMES e 


MIDLAND 
WELDING NUTS 


take seconds to apply... 
save hours of labor! 


If you make a component part of an ultimate metal 
assembling operation requiring bolting in hard-to-get-at 
places, Midland Welding Nuts may well be the answer to 
simple, secure fastening later on. The practical Midland 
method anchors the nut in the exact location, ready to 
receive the bolt. There’s no guesswork and cross-threading 
becomes impossible. 

It’s easy to apply Midland Welding Nuts. 

Just insert the collar in the hole for bolt or screw, 
resistance-weld the nut in place, and the nut is anchored 
for the life of the job. Nuts can be automatically fed to 
the welder to save time. 

Midland Welding Nuts assure close fit of metal parts. 
They can’t work loose, causing annoying rattles. Also, parts 
can be removed easily and quickly for replacement or re- 
pair without threat of losing nuts. Assembly workers 
prefer them because they turn stubborn, difficult jobs into 
simple, easy to handle projects, often converting two-man 
tasks into one-man operations. 


Write or phone for complete information! 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue ~ Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 


AIR and ELECTRO-PNEUMATIC DOOR CONTROLS 


Circle 514 on page 19 


AIR and VACUUM POWER BRAKES 


New Parts 





above rated limitations. Discharge 
is 50 cc per minute at 100 rpm, 
and recommended speed range is 
20 to 1000 rpm. Pump is 21% in. 
in diameter and 11% in. high. Bijur 
Lubricating Corp., 151 W. Passaic 
St., Rochelle Park, N.J. 

Circle 712 on page 19 


Miniature Read-Out Tube 


is unaffected by 
environmental conditions 


Miniature Nixie is a _ gas-filled, 
cold-cathode, ten-digit numerical 
indicator tube having a common 
anode. It is intended for use as 
a direct, in-line, read-out device. 
Unit is 6/10-in. in diam and 34-in. 


high. It utilizes 100 v and op- 
erates at 1, w. Tube is unaffect- 
ed by environmental conditions. 
Applications include aircraft in- 
strument panels, computers, indus- 
trial control, counters, military 
electronic indicators, digital volt- 
meters, fluid meters, elevators and 
channel indicators. Burroughs 
Corp., Electronic Tube Div., Plain- 
field, N.J. 

Circle 713 on page 19 


Large Induction Motors 


designed for lighter weight, 
smaller size 


Redesigned ac induction motors 
from 40 to 125 hp include both 
open drip-proof and_ totally-en- 
closed, fan-cooled units. Built to 
NEMA standards MG1-3.02.a, 
MG1-5.05.b and MG1-5.02.d, the 
models are from 100 to 500 Ib 
lighter than their predecessors. 
Lineal dimensions have been re- 
duced an average of 10 per cent 
and volume an average of 27 per 
cent. Savings have been achieved 
largely through insulation im- 


MACHINE DESIGN 








This invaluable reference guide is yours for the asking! 
A really big catalog, handsomely bound—each page is 
crammed with important technical information on a 
wide variety of stainless analyses. There is specific 
information on each analysis, including its physical 
and mechanical properties, and data on its corrosion 


woettar (dle 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 to ¥% in. OD—certain analyses in light walls 
up to 24 in. OD 


West Coast: Pacific Tube Company, 
5710 Smithway Street, Los Angeles 22, Calif. * RAymond 3-133] 
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and heat resistance. A special section covers Superior’s 
“super alloy” tubing for aircraft, missiles, etc. Pages 
are devoted to the selection and application of stainless 
tubing. Separate sections cover soldering, welding, 
machining, bending, etc. All this and much, much more! 
Get your copy while our supply lasts! 


SUPERIOR TUBE COMPANY 
2010 Germantown Ave., Norristown, Pa. 


Rush me my free copy of your Catalog Section 21. 


Name_ SS 


Company___ 





Address__ 
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BY\ANY STANDARD... 


ADEL Refinements assure Plus 
Performance for Your Equipment 


Designers and Engineers 
have set these standards for 
Industrial Hydraulic Equipment 


Rugged simplicity * Long life * Simplification 
of piping * Reduced installation costs * Greater 
accessibility for maint e * Complet 
of line * Over-all economy 


ADEL brings them all to you! 


Smooth economical hydraulic power 
for Pushing, Pulling, Lifting, 
Pressing, Clamping and Controlling. 





Illustrated are but a few of a wide variety 
of ADEL industrial hydraulic control 
equipment that offer definite benefits to 
both the user and builder of machine tools 
and many other kinds of equipment. 
ADEL products incorporate proven 
design and precision construction features 
that assure dependable operating 
efficiency over the years. A complete 
line for every application. 
You can simplify your Hydraulic Power 


For complete engineering 
specifications and counsel, 
Address : 

ADEL PRECISION PRODUCTS, 
10771 Van Owen Street, 
Burbank, California 


Motion Problems by specifying ADEL. 





NEW YORK - 

Power Drives, Inc. 

Buffalo, New York 

Tri-State Supply Company 

Brooklyn 33, New York 
OHIO - 

Scott Equipment & 

Engineering Company 

Dayton 10, Ohio 

Wyatt Sales Company 

Cleveland 15, Ohio 
OREGON - 

Russ Chamberlin Company 

Portiand 14, Oregon 
PENNSYLVANIA + 

Frank T. Donnelly Company 

Pittsburgh 38, Pennsylvania 
RHODE ISLAND - 

Lincoin Supply Company 

Pawtucket, Rhode Island 
TEXAS + 

Air-Draulic Equipment Company 

Houston, Texas 
ome . 

Robert Taylor & Sons 

Sait Lake City 10, Utah 
WASHINGTON + 

Haskel Engineering & Supply Co. 


BURBANK, CALIFORNIA * HUNTINGTON, WEST VIRGINIA 
Manufacturers of| MARINE & INDUSTRIAL 

HYDRAULIC CONTROL EQUIPMENT 
DISTRIBUTORS: 


ARIZONA + 
Air-Draulics Company 
Phoenix, Arizona 


INDIANA + 
The Neff wy reyes Co. 
Fort Wayne 3, Indiana 
MICHIGAN - 
CALIFORNIA + industrial Air & Hydraulic 
Haske! by qari & Supply Co Equipmert Company 
Glendale 4, California Detroit 15, Michigan 
Haske! Engineering & Supply Co MISSOURI - 
San Francisco 3, California Corby Supp! Compeny 
CONNECTICUT - St. Louis, Missour 
Air & Hydraulic i Co. L. H. Monsees. 


New Haven, Connecticut Independence, Missouri 
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Seattle, Washington 


| 
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provements which permit use of 
thinner materials. Improved lu- 
brication system protects bearing 
housing from dirt and allows nec- 
essary regreasing. Shown in photo 
is new motor, left, rated 125 hp, 
and old motor, rated 75 hp. Gen- 
eral Electric Co., 1 River Rd., 
Schenectady 5, N.Y. 

Circle 714 on page 19 


Bellows 


for miniature devices 


Extremely flexible bellows have 
wall sections as thin as 0.002-in. 
Available in any weldable metal, 
the bellows permit miniaturization 


of devices for measuring pressure, 
and as a seal. Unit illustrated is 
approximately 34-in. OD by 1,-in. 
ID by %-in. long, and has spring 
rate less than 7 lb per in. Belfab 
Corp., 11 Ramah Circle, Agawam, 
Mass. 

Circle 715 on page 19 


Unitized Assembly Circuit 


has simplified 
chassis design 


PAC unitized assembly circuit, for 
use in conjunction with printed 
wiring applications, permits the in- 
sertion as a group of a wide range 
of capacitors, resistors in simple 
or complex circuitry. Components 
available include a range of capac- 
itances in tubular ceramic capaci- 
tors and resistances in fixed-com- 


MACHINE DESIGN 





527 cavine 


reported with J&L hot extruded cold drawn 


pawl section 


Red area shows scrap loss before 
conversion to extruded section 
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This pawl was previously milled from a 4%" x 14%” hot rolled 
oil hardening tool steel. Conversion to a cold drawn extruded 
section cut cost from 45¢ to 22¢ per part. 


Here’s how extruded sections can cut your cost: 


1. Eliminate machining and finishing operations. 

2. Reduce scrap losses almost to zero. 

3. Eliminate cost of casting and forging intricate sections. 

4. Reduce inventories because extrusions are quickly 
available. 


Investigate this new production technique for your shape 
profiles—within present limits of a design which can be 
inscribed in a three-inch circle. Available in a wide range of 
carbon and alloy steels. For specialty alloy and tool steels, 
submit inquiry. Get complete details by writing to the 
Jones & Laughlin Steel Corporation, Dept. 410, 3 Gateway 
Center, Pittsburgh 30, Pennsylvania. 


dl Jones & Laughlin 


STEEL ...a great name in stee! 
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HIGH-TEMPERATURE 
SERVICE to 500° —F — 
1000° F —1500° F a 


for 


RESISTANCE TO 
CORROSION by 


Acids — Caustics — Salts @ 


for 


RESISTANCE TO 
ABRASION by wet 


or dry grit, silt, etc. 
NON-MAGNETIC 
PROPERTIES, eiec- 


trical conductance, etc. 
SPECIAL SHAPES 
AND SIZES, iow 


torque, ultra precision... @ 


WE MAKE bearings to these and 
other special requirements, in exper- 
imental and production quantities. 
We've been doing that for years, for 
So if you need 
special anti-friction bearings for any 
application, let’s talk it over. 


well-known firms. 


FREE 32-page 
Bearings Bulle- 
tin tells factors 
involved in 
special bear- 
ing applica- 
tions — de- 
scribes our 
work in 
this field. 


May we 
send you a copy? 


INDUSTRIAL TECTONICS, Inc. 


3678 Jackson Rd., Ann Arbor, Michigan 
18309 Santa Fe Avenue, 
Compton, California 


PRECISION BALLS AND 
SPECIAL ANTI-FRICTION BEARINGS 


Circle 518 on page 19 
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position resistors. Packaged circuit 
has simplified chassis design and 
assembly, and provides rugged con- 
struction, high component density 
due to vertical mounting, and low 
uniform stray capacitance. Center- 


to-center spacing between compo- 
nents is 0.200-in. Number of com- 
ponents in package is limited by 
length of strip used. Speer Car- 
bon Co., St. Mary’s, Pa. 

Circle 716 on page 19 


Control Valves 


for automated control 
applications 


Diaphragm-operated high-pressure 
control valves are for use in oil, 
air, steam and hot or cold water 
service at pressures to 6000 psi. 
Units are designed for automated 
control applications. Monel-meta! 
valve stem provides resistance to 
corrosion. Stellite seats are elec- 


STELLITE 
STEM SEATS 


REPLACEABLE 
HARDENED 
STAINLESS STEEL 
SEAT SLEEVES 


} 
HIGH -TENSILE BILLET 
VALVE BODIES 


SF ai parts 
COMPLETELY 
INTERCHANGEABLE 


trobonded to the stem, and stain- 
less-steel seat sleeves are easily re- 


placeable. Sinelair-Collins Valve 
Co., 454 Morgan Ave., Akron 11, O. 
Circle 717 on page 19 


Miniature Relay 


for high shock and 
vibration applications 


MHJ miniature relay has a vibra- 
tion rating of 10-55 cps at 0.125-in. 
double-amplitude, 55-2000 eps at 
20 g. It is available in both four 


Hand oiling is costly! It wastes time 
and money ... steals valuable pro- 
duction hours ... means extra 
down-time, fire risk, repair bills, re- 
placement parts and causes product 
damage from excess lubricant. 

But there’s a way to end all this 
waste and worry. A Bijur Automatic 
Lubrication System never forgets a 
bearing ... bearings never are 
thirsty for oil, never flooded. Lubri- 
cation is continuous, exactly right. 
All the hazards of hand oiling are 
banished—automatically! 

Bijur Systems are custom-engi- 
neered for machinery used by prac- 
tically all industries. Every bearing 
receives a clean supply of oil at the 
right time ... automatically and 
correctly metered to suit its indi- 
vidual needs ... while the machine 
is running! Whether for new equip- 
ment you buy, or machines you 
build, insist on Bijur. It’s better— 
by design! @ 1838 


LUBRICATING CORPORATION 
Rochelle Park, New Jersey 


Poneern. tn Arudomilic Lubrucalion 
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* ANOTHER ADVANCED DESIGN FROM WESTINGHOUSE ANOTHER AOVANCED DESIGN FROM WESTINGHOUSE @¢ 


Westinghouse 
VISI-FLEX 
De-ion Switch 


BSNOHONIASSEM WOUS NOISSGA ASINVAGY 


fits any panel 


* ANOTHER ADVANCED DESIGN FROM WESTINGHOUSE ANOTHER ADVANCED DESIGN FROM WESTINGHOUSE . 
Model A has adjustable Vari-depth handle mechanism— 
shown with fuse kit assembled. Also available with safety 
shield for no-fuze operation, 


This compact new type of panel switch 
features... 


e Visible contacts 

e Fused or unfused operation 

® Choice of Vari-depth or toggle handle 
e Standard cover drilling 

e Fast mounting 

e Low cost 


Quick-make, quick-break action plus De-ion 
arc-quenching grids assures positive switch- 
ing, long operating life. Ready visibility of 
the blades means extra safety. 


The Vari-depth operator, featuring a 
threaded telescoping shaft, makes it easy to 
fit panels of various depths... without 
mounting stilts. It also simplifies cover 
drilling. 

Fuse kits permit mounting several sizes of 
fuse clips on the switch. As a fused switch, 
Visi-F lex saves space and the cost of separate 
fuse blocks. 


SBSNOHONIASIM WOUA NDOISSBGA AGABINVAGY HSBHIONY 


For use as a disconnect switch, a safety 
shield without fuse clips is available. You 
just order the basic switch and the required 
kit . . . all hardware is included. 


Model T has toggle handle for slide plate or cam-type 
mechanism—shown with a safety shield for no-fuze opera- 
Low in cost, flexible, simple to install, Visi- tion. Also available with several sizes of fuse clips. 
Flex requires a mininum of space. Visi-Flex 
switches come in 30- and 60-ampere ratings. 
100- to 200-ampere models available later. 


For additional information write to 
Westinghouse Electric Corporation, Box 868, 
Pittsburgh 30, Pa., for Booklet SM-5457. 


J-30276 


a 


you CAN BE SURE...1F ITS |W) 


Westinghouse 


e@ ANOTHER ADVANCED DCESIGN FROM WESTINGHOUSE «© ANOTHER ADVANCED DESIGN FROM WESTINGHOUSE e¢ 


BSNOHONILSSIM WOYS NOISSGA ASBIONVAACY YHSHIONY 
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“/ée TIMER RELAY 
that handles all controlled 
timing problems... 


This steel clad, factory set, tamp- 


er proof Durakool timer-relay is 
practically non-breakable. Oper- 


COIL 
ENERGIZED 


ating life multiplied 5 to 6 times 
by new plunger construction fea- 
tures. Combinations of operate- 


r 


elease time delays from 0.15 


sec. to 20 sec.—either normally 
open or normally closed action. 


Durakool 


STEEL MERCURY TIMERS 


% No false contacts 

% Non sticking 

%& Practically ‘fail safe" 
% Low cost timer 


See telephone directory for / 
local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 


COIL 
DE-ENERGIZED 


700 WESTON RD., TORONTO 9, CANADA 
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RMB Pivot Type 
Miniature Ball Bearings 
Self-Aligning Feature 
Means Faster Assemblies | 


These RMB bearings were the first miniature bear- 
ings ever produced. Included in this group and 
illustrated above is the smallest ball bearing ever 


manufactured commercially—Type C1- .043” OD. nalest 


World’s Smallest Commercial 
Ball Bearing—.043” O 
RMB Pivot Bearings can be used to replace jewel bearings where ex- 

cessive shock and vibration conditions exist. 

Inexpensive RMB pivot type miniature ball bearings are also used in air- 
craft instruments; for mounting the compensating rotor in constant speed 
DC motors; for the mounting of indicating pointers in instruments; relays, 
and a host of others. 

Designed for use with 60° tapered pivots, they are self-aligning for faster 
assemblies; and combine precision workmanship, high speed and low 
torque with low cost. 

Pivot type miniature ball bearings are just a small part of the complete 
world famous RMB line of miniature and instrument bearings, available 
for prompt delivery. For full information, write for our catalog 41. 


LANDIS & GYR, INC. 


45 West 45th Street New York 36, N. Y. 


SSCS ESET ESSEC Eee eee eee eee eee 
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and six-pole, double-throw types. 
Temperature range is —65 to 125 
C. Relay meets test conditions of 
MIL-R-5757B, MIL-R-6106A and 
MIL-R-25018. Allied Control Co. 
Inc., 2 East End Ave., New York, 
N.Y. 

Circle 718 on page 19 


Diaphragm Shields 
of Teflon and Kel-F 


Seven sizes of standard molded 
Teflon and Kel-F diaphragm shields 
fit diaphragm valves in sizes 3 in. 
Shields, installed over a rubber 
diaphragm provide corrosion and 
heat resistance and resist all 
chemicals normally found in indus- 
try. They are attacked by molten 
alkali metals, chlorine trifluoride, 
and fluorine at elevated tempera- 
tures and pressures. Shields are 
unaffected by alkalis in any con- 
centration, and will not swell or 


change weight when boiled in sol- 
vents or acids. Temperatures of 
350 F and higher are possible 
where low line pressures exist. 
Garlock Packing Co., U. S. Gasket 
Co. Div., Camden 1, N.J. 

Circle 719 on page 19 


Connectors 
for printed circuits 
are 


Printed - circuit connectors 


| available in eight different sizes 


from 6 to 38. Coined beryllium 


| copper contacts are 0.058-in. wide, 


MACHINE DESIGN 





HIGH SPEED. 
J -Yo)elelesgte). im 


Six Reliance V*S Drives make it possible to oper- 
ate this complete line as if it were a single machine. 


vs 


Carloads of pipe are pouring out of the new Edmonton, 
Alberta plant of Alberta Phoenix Tube & Pipe, Ltd. This $6.5 
million installation is producing pipe at unprecedented rates. 


Volume pipe production requires something special in a 
drive system—one that furnishes precise speed control and The welding section operator controls the speed of 
instantaneous motor response. A wide stepless range of the entire line from this Reliance Pendent Station. 
speeds is provided to handle various pipe diameters and 
lengths, and all sections of the line operate at the same 


relative speed. 


A team of Reliance Application Engineers, working with 
the machinery builder, built this specialized drive. This 
team knows the processes of the steel industry and how to 
handle the problems involved. Engineering knowledge, 
backed by the quality of Reliance products, supplied this 
accurate, simple-to-operate, economical drive. 


The Reliance Application Engineering Department builds 
drives for every industry. A team of engineers who are 
experts on your industry’s operation, stand ready to engi- 


neer and build the drive for your particular needs. The Reliance V*S Drive on this flying cutoff auto- 
: : J wn a . matically measures the pipe and controls the move- 
If you would like more information on this installation, ment and speed of the carriage. 


write for Bulletin L-2505. 


L.1541 


RE RELIANCE isingenes 


DEPT. 287A, CLEVELAND 17, OHIO - CANADIAN DIVISION: WELLAND, ONTARIO 


Sales Offices and Distributors in Principal Cities 
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YIELD STRENGTH/DENSITY/10° 











302. STAINLESS — 


20 400 600 800 1000 
TEMPERATURE F 
Yield strength, weight vs. temperature. 


For High 
Strength-to-Weight 
Ratios at Elevated 
Temperatures — 


TITANIUM and 
MAGNESIUM 


The experience, the specialists, the 

















equipment-and-facilities to design 
and produce the very difficult fabri- 
cation and assembly work in these 
and other light metals—you'll find 


at B&P. 


To make this titanium 
pressurized tank, B&P 
welds two cylinders 
Each is drawn in one 
operation. Tank with- 
stands 5000 psi pressure 


Magnesium turret 
enclosure for a 
bomber. Design, 
lofting, prototypes, 
production fabrica- 
tion and assembly 
are all done by 
B&P. 
ENGINEERING FACILITIES IN DETROIT 
AND LOS ANGELES Write for Titanium 
and Magnesium engineering data—also 
folder on B&P’s facilities to handle 
tough jobs. 


BROOKS & PERKINS, Inc. 


1940 West Fort St. 
Detroit 16, Mich. 
Phone: TAshmoo 5-5900 


IN LOS ANGELES: 
11651 VanOwen St 
North Hollywood, Cal 
Phone: STanley 7-9665 


OFFICES IN NEW YORK, WASHINGTON. DALLAS 
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and are heat treated to retain con- 
tact force after many insertions. 
Ample contact mass insures lower 
heat rise at rated loads. Barriers 
between terminals insure high volt- 
age breakdown ratings exceeding 
2500 v rms at sea level and 700 v 
rms at 60,000 ft. Models are avail- 


able for printed-circuit board 
thicknesses from 0.061 to 0.071-in. 
Polarizing pins can be located in 
any slot desired. Units meet re- 
quirements of MIL-C-8384. Gorn 
Electric Co. Inec., Electronics Div., 
845 Main St., Stamford, Conn. 
Circle 720 on page 19 


Magnetic Clutch 


is miniature, 
single-end unit 


Model D104 miniature single-end 
magnetic clutch brake mets mili- 
tary environmental and perform- 
ance specifications. Standard mod- 
el operates on 24 v de can be wound 
for 1.5 to 300 v. It delivers mini- 
mum of 8 oz-in. clutching and 
braking torque. Response time is 
as low as 3 milliseconds and angu- 


HOLNID 
ELPA 


ple 


lar displacement error upon en- 
gagement is held to minimum. 
Power consumption is 3 w. Mount- 
ing has OD of 11/16 in. Dynamic 
Instrument Corp., 59 New York 
Ave., Westbury, L. IL, N.Y. 

Circle 721 on page 19 


Indicator Tube 


is miniature type 
for transistor circuits 


Type 6977 filamentary indicator 
triode with fluorescent anode is a 
subminiature unit designed specif- 
ically for visual monitoring of 








Problem: What method can best be 
employed to cast our large 


Traffic Control Box . . . and who can 


satisfy our exacting requirements? 


Solution: Aluminum Permanent 


Mold Casting . . . by Hampden Brass 
& Aluminum Co. 


This was the solution Eastern Industries, 
Inc. found to their problem of housing the 
delicate ‘‘brain’’ of their radar traffic 
control system. 6 


Pictured here is 
the end result 
. a non-corro- 
sive, uniquely 
weather-proof, 
snug-fitting box, 
completely safe 
from tampering. 


The permanent 
mold process was 
chosen by Hamp- 
den because it 
produces a fine, 
non-porous casting . . . the surface re- 
quiring no preparatory finishing before 
painting. The box was used as cast, 
thereby eliminating expensive profile 
machining for producing the rabbet fit 
of the box and doors. The high produc- 
tion rate and lower over-all cost of the 
permanent mold process prove addi- 
tional advantages. Aluminum was se- 
lected for its lightweight and durable 
qualities. 
Remember ... whether your casting prob- 
lems are big, tiny, intricate, or special 
... Hampden is ready to effectively solve 
them with premium quality castings of 
aluminum or other non-ferrous metals 
. utilizing the sand, permanent mold 
or die casting method. Our more than 
50 years’ know-how is your assurance 
of the best casting techniques to help 
reduce costs and improve performance. 


Why not contact Hampden Brass & 
Aluminum Co. on your next casting prob- 
lem ... and avail yourself of our engi- 
neering counsel? 


Send for brochure, ‘‘Be- 
hind the Scenes” .. . 
complete digest of Hamp- 
den’s experience, equip- 
ment and facilities. 


HAMPDEN BRASS 
AND ALUMINUM CO. 
Established 1903 
262 Liberty St.-Springfield, Mass. 


Producers of Sand, Permanent Mold, 
Die & Fiberglas Castings 
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transistorized computers and other 
transistor circuits. Approximate- 
ly 11% in. long and less than 14- 
in. diam, it gives a bright blue- 
green indication when control grid 
is at zero potential. Unit has high 
input impedance and small power 
consumption to prevent overload- 
ing of transistor circuits. It does 
not short out transistor circuit 
should a defect develop in opera- 
tion. Amperex Electronic Corp., 
Computer Products Div., 230 Duffy 
Ave., Hicksville, L. I, N.Y. 

Circle 722 on page 19 


Ball and Socket Joint 


incorporates 
polyethylene molding 


Ball and socket joint has a socket 
of polyethylene molded within a 
metal housing. Nickel-plated brass 
ball and arm assembly are housed 
in casing of turned aluminum. 
Joint remains flexible but will not 
loosen. It is permanent, and poly- 
ethylene molding provides all char- 
acteristics of a lubricated joint. 
Unit is manufactured on a custom 
basis in several different sizes and 
styles. Telex, Telex Park, St. Paul 
1, Minn. 

Circle 723 on page 19 


Flow-Blending Control 


provides continuous 
blending and proportioning 


Blendtrol is used to maintain flow 
rates in closed loop systems or to 
blend and proportion in open-loop 
systems. It handles a variety of 
products, including oils, inhibitors, 
solvents, soaps and waxes. An 
electronic controller, unit can be 
located several thousand feet from 
the process. It is designed to be 
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PUMCUP ADVANTAGES 


now yours for 


© HYDRAULIC CONTROLS 
© AIR CYLINDERS 
¢ RECIPROCATING PUMPS 





Two common Pumcup types: con- 
ventional and 45° bevel type. 
available in a complete range of 
sizes and texture-engineered com- 
positions. 


Cutaway view of typical Pumcup 
installation resulting in prolonged 


high efficiency. 








AKE it from experienced users, Darcova Pumcups offer payoff 
advantages that can’t be equalled! For example, they last many 
times as long as ordinary piston packing..and they hold peak efficiency 
from start to finish. Because of the resulting production and main- 
tenance economies, plant after plant is standardizing on Pumcups. 


Improved application of the cup principle does the trick. And 
Darcova Pumcups are texture-engineered in a range of compositions to 
meet most temperature-pressure-fluid conditions. And they are avail- 
able in sizes and types exactly right for your particular equipment. 


It will pay you to get a// the facts. Just ask for Pumcup Bulletin 
No. 5503. 


DARLING VALVE & MANUFACTURING CO. 
Williamsport 30, Pa. 


[ime OnGinar COmPosition cur I TRADE MARK 
~ - ~- 
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from a handful to a carload... 


offers you 
complete wire cloth 
fabrication facilities 


From giant retaining screens for catalysts or filter media to small 
strainer assemblies for Diesel engines, fabrication of wire cloth 
parts to a wide variety of demands is a daily operation at Cam- 
bridge. Whatever your needs . . . filter leaves, strainers, sizing 
screens, retaining screens . . . you can rely on Cambridge for 
quality and prompt service. We'll work from your prints or draw 
up prints for your approval. 


IF YOU BUY WIRE CLOTH IN BULK, Let us quote on your next order 
for wire cloth. Call your Cam- 
bridge Field Engineer—he's listed 
stock on large or small orders from the most under “Wire Cloth” in your 
frequently used types of cloths . . . from the classified telephone book. Or, 
fi to th ' h write direct for FREE 
inest to the coarsest mesh. 90-PAGE CATALOG 
and stock list giving 
full range of wire 
assured by individual loom operation and cloth available. De- 
careful inspection just before shipment. scribes fabricationfa- | 

cilities and gives use- 

ful metallurgical data. 


we can give you immediate delivery from 


Accurate mesh count and uniform mesh size are 


The Cambridge Wire Cloth Company 


[TT woven wire | WIRE DEPARTMENT N, 
WIRE +++ CONVEYOR {+++ CLOTH CAMBRIDGE 7, 


CLOTH 1.44 fed 
jst BELTS | 7T FABRICATIONS MARYLAND 


+++ 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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adapted to proportioning systems 
now in operation. Explosionproof 
enclosures are available. Jordan 
Co. Inc., 3235 W. Hampton Ave., 
Milwaukee 9, Wis. 

Circle 724 on page 19 


Silicone Rubbers 


for cloth-coating 
applications 


Two silicone rubbers are for use 
in temperatures in range of 600 F. 
Identified Silastic 6535 and 2071, 
both are primarily cloth-coating 
stocks characterized by excellent 
bond strength, low compression set, 
and high degree of resistance to 
reversion under clamps. Silastic 
6535 is a liquid dispersion for solu- 
tion-coating on glass cloth. It re- 
tains resilience from 600 F down to 
— 178 F. Silastic 2071, designed 
especially for calendering, is also 
suitable for molding or extruding. 
After 24 hr in a circulating air 
oven at 600 F, it has Shore A 
Scale hardness rating of 63, tensile 
strength of 770 psi and 200 per 
cent elongation. Dow Corning 
Corp., Midland, Mich. 

Circle 725 on page 19 


Wing Nuts 


in thread sizes 
from No. 6 to %%-in. 


Corrosion-resistant wing nuts are 
die-cast of zinc alloy and have 
wing spread from % to 1% in. 
Thread sizes are from No. 6 to %- 


MACHINE DESIGN 





* equipment from 


WOOSTER DIVISION 


ee ee oe tg ORY 


it industrial hydraulic 


Wooster Division now occupies this modern 104,000- 
sq. ft. plant in the heart of the mushrooming auto- 


Growth has led to the establishment of the Industrial Division of Pesco WOOSTER PRODUCTS: 

Products as a separate Borg-Warner facility—the Wooster Division. Hydraulic pumps + Hydraulic motors - Hy- 
This division will specialize in hydraulic pumps, motors, power packages draulic power packages + Relief and control 

and other accessories for industry—automotive, earthmoving, agricultural, valves 

material handling. 
Here’s how this will benefit users of industrial hydraulic equipment: WOOSTER SALES OFFICES: 

¢ high product quality —long associated with Pesco—will be assured from CHICAGO — HArrison 7-5686 

Wooster. Pesco “know how” plus a complete staff of experienced engineering, CLEVELAND — MOntrose 2-2100 

sales and production personnel has been installed at Wooster. DETROIT — UNiversity 2-4712 

* improved deliveries from increased manufacturing facilities devoted ex- LOS ANGELES — STate 9-0487 

clusively to industrial hydraulic equipment. MOLINE — 4-4235 

* better service through close personal attention to customer requirements SEATTLE — MAin 8442 

will be a Wooster operating policy. 

¢ advanced designs—the result of extensive research facilities and development EXPORT SALES: 

programs—will be a Wooster forte, in the Pesco tradition. Borg-Warner International Corp. 
For detailed information or engineering assistance in applying Wooster 36 South Wabash Avenue 

hydraulic equipment to your products, contact the sales office nearest you Chicago 3, Illinois 

or the main office. 


WOOSTER DIVISION - BORG-WARNER CORPORATION 
Old Mansfield Road * Wooster, Ohio 


BORG-WARNER 
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Symbol of 
QUALITY 


Helical Gears 


Internal 
Ring Gears 


Industrial Gear offers a com- 


plete line of the finest cut 
gears available for the equip- 
ment of America. Plus — a 
combination of precision and 


quality, reasonable costs, and 


« 
avers 


INDUSTRIAL 
= GEAR MFG. CO. 
GEN 1520 Wet tn bre 
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in. Nuts are also available with 
serrated bases to provide locking 
action when nut is seated. Recessed 
wings provide an improved grip. 
Gries Reproducer Corp., 400 Beech- 
wood Ave., New Rochelle, N.Y. 
Circle 726 on page 19 


Torque Converter 


has maximum rating of 
586 hp at 2200 rpm 


Heavy-duty 11,500 Series three- 
stage torque converter has maxi- 
mum rating of 586 hp at 2200 rpm. 
Impellers are available for specific 
torque ratings of 340, 390, 450 and 
540 Ib-ft. Maximum input torque 
is 1400 lb-ft. Model CF provides 


ee ae 


- 


a clutch at the flywheel; Model F 
is connected to the flywheel with 
a driving ring. Both types are de- 
signed for SAE No. 0 flywheel 
housings. Twin Dise Clutch Co., 
Hydraulic Div., Rockford, Ill. 
Circle 727 on page 19 


Binding Posts 


in five-way, 
five-color types 


Five-way binding posts accommo- 
date connections by (1) plug-in 
for standard %4-in. banana plug, 
(2) clip-lead to shaft, (3) wire 
looped around shaft and clamped, 
(4) wire permanently clamped 
through center hole, and (5) 
clamped spade-lug connection. A 
Y.-in. flanged solder tip provides 
rigid base for permanent solder 
connection. Posts are available in 
white, red, yellow, green and 
black. They are hard Nylon, plas- 
tic molded over brass core. Cen- 
ter shaft is brass or nickel-plated 


metal finish, and posts can be 














When fo specify 
VULCAN ELECTRIC 
CARTRIDGE 
HEATERS 


1. When application is for: 
Complete insertion into machine 
parts, dies, platens, molds, presses, 
die blocks of embossing machines, 
packaging machines, etc. 

2. When specifications call 
for: Length—1” to 25” (or longer); 
diameter—%" to 11% 4" (or great- 
er); wattage — 10 to 3200 (or 
higher); voltage — standard 115 
or 230, special 6 to 440; sheath — 
brass, steel, nickel or high temper- 
ature alloys; standard or special 
lead wires or terminals. 

3. When you have “hot” 
problems: Vulcan Engineers are 
ready to provide special heating 
units — engineered to your needs. 


Complete Line of 
ELECTRIC 
HEATING UNITS 


A cP 





Whatever your need for electric 
heat, Vulcan offers you a complete 
line of low-cost, efficient units — 
cartridge, strip, tubular, finned, 
immersion, band and ring heaters. 
Write for catalog. 








ELECTRIC COMPANY 
DANVERS 6, MASS. 


Cartridge « Strip » Tubular * Immersion Electric 
Heaters ° Soldering and Branding Irons 
\ Solder and Glue Pots 
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mounted and locked on any panel 
from 1/16 to 14-in. thick with 
complete installation from panel. 
Current capacity is 30 amp; work- 
ing voltage is 1000 v. Superior 
Electric Co., Dept. BP, 83 Laurel 
St., Bristol, Conn. 

Circle 728 on page 19 





Liquid-Level Sensor 


resists vibration, 
corrosion and shock 


Liquid-level sensing system oper- 
ates a light to indicate whether 
liquid is above or below a certain 
level, actuates a control to start 
and stop pumps, or operates valves 
to transfer liquid from one tank to 
another. It resists shock, vibration 
and corrosion, and has no moving 
parts. Ac or de powered, it has low 
power consumption. System oper- 
ates in any military aircraft fuel, 
hydraulic fluid, aircraft gas tur- 


bine lubricating oil, Skydrol, jet en- 
gine lubricating oil, aircraft engine 
lubricating oil and other hydrocar- 
bon liquids, from 75 to —55 C. 
Simmonds Aerocessories Inc., 105 
White Plains Rd., Tarrytown, N. Y. 

Circle 729 on page 19 


Diaphragm Seals 


in miniature sizes 


Miniature diaphragm seals are for 
small power devices and instru- 
ments in which size and weight are 
critical factors. They are avail- 
able with cylinder-bore diameters 
from 14 to 1 in. Flange operates 
as a gasket, sealing mating sur- 
faces in cylinders of two-piece de- 
sign. Impregnated fabrics provide 
resistance to fatigue and chemical 
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CAMLOC low cost/light weight 


F series 


Camloc’s new small, lightweight 5F Series features 
high strength-weight ratio plus the quick-operating 
advantages of a 4-turn fastener...in a size and 
weight that offers new design possibilities to orig- 
inal equipment manufacturers! Particularly adapt- 
able to thin materials and miniaturized equipment 
like airborne electronics, small electro-mechanical 
and computing devices and communications com- 
ponents. Ideal for attaching lightweight components 
in “packaged” equipment or for holding access 
panels on everything from washing machines to 
radar units. 


Offered in many 
different head styles. 
Complete specifica- 
tions will be sent to 
you on request, 


ot 


FASTENER CORPORATION 


37 Spring Valley Road, Paramus, N. J. 


WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 
FORT WORTH OFFICE: 2509 W. BERRY ST., FORT WORTH, TEXAS 
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You couldn’t do better. And here’s 
why. We make al] types of steel 
drive and conveying chain plus 
sprockets and attachments. We can 
supply you with the chain you need, 
whatever the application. And of 
course it follows from this that our 
engineering experience is broad 
and our recommendations are com- 
pletely unprejudiced. The Union 
Chain organization is at your serv- 


CONVEY 
MATERIALS 











The Union Chain And 
Manufacturing Company 
SANDUSKY, OHIO 
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action. Operation is_ practically 
free of friction or spring gradient. 
Accurate and sensitive, the seals 
are free-positioning. Bellofram 
Corp., Blanchard Rd., Burlington, 
Mass. 

Circle 730 on page 19 


Hydraulic Pump 


has capacity of 
0.5 gpm at 1000 psi 


Detroit 1000 wet-sump hydraulic 
gear-type pump contains hardened 
steel and bronze gears, latter ball- 
bearing mounted at both ends. All 
wearing surfaces are hard-chrome 
plated. Initially produced for use 
within a fluid reservoir, units are 
available with sealed adaptations 
for mounting externally. Pump 


has rated capacity of 0.5 gpm at 
1000 psi and 1800 rpm. Detroit 
Testing Machine Co., 9390 Grin- 
nell Ave., Detroit 13, Mich. 

Circle 731 on page 19 


Magnetic Components 


resist vibration 
and shock 


Components and assemblies for ap- 
plications such as magnetic ampli- 
fiers, modulators, voltage refer- 
ences and frequency multipliers are 
lightweight, compact and well pro- 
tected environmentally. New tech- 
niques for encapsulating provide 
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Csloe and Lervice 
from Coast to Coast 


... for quick, personalized service 
on your POWER CYLINDER NEEDS 


Red areas indicate extent of 
Miller sales and service coverage. 
Black stors indicate district head- 
quarter locations. 


ALABAMA 


Birmingham—AMiller Fluid Power 
Power Div., 1925 29th Ave. S. 
Phone Tremont 9-6601 


CALIFORNIA 


San Francisco—Miller Fluid Power 
Div., 561 Buckingham Way. 
Phone Montrose 4-3531 

Los Angeles—Teglen Engineering 
Co., P. O. Box 191, S. Pasadena. 
Phone Ryan 1-2856 


COLORADO 
Denver—Alta Engineering Co., 
1988 Nome St. 
Phone Empire 6-3557 


CONNECTICUT 
Hartford—Gibson Engineering Co., 
141 Washington St. 

Phone Chapel 7-6919 


GEORGIA 
Atlanta—Miller Fluid Power Div., 
254 East Paces Ferry Rd., N.E. 
Phone Cedar 7-9933 


KANSAS 
Kansas City, Mo.—Miller Fluid 
Power Div., 410 West 40th 
Terrace. 
Phone Valentine 1-7475 


ILLINOIS 
Chicago (Home Office) — Miller 
Fluid Power Div., 2040 N. Haw- 
thorne Ave., Melrose Park, III 
Phone Fillmore 3-4500 
Rockford—Miller Fluid Power 
Div., 4712 Cayuga. 
Phone Rockford 7-1308 





INDIANA 


Fort Wayne—Neff Engineering 
Co., 2339 Crescent Ave. 

Phone Eastbrook 7391 

South Bend—Neff Engineering 
Co., 103 S. Varsity Drive. 
Phone Central 2-4856. 
Indianapolis—Neff Engineering 
Co., 6101 College Ave. 

Phone Clifford 5-5418-19 


IOWA 


Miller Fluid Power Div., 916 25th 
St., Moline, Ill. 
Phone Moline 2-4282 


KENTUCKY 


Louisville—Charles Weber Co., 
536 Eastern Parkway. 
Phone Melrose 7-2574 


MARYLAND 


Baltimore—Miller Fluid Power 
Div., 1515 Kirkwood Rd. 
Phone Ridgeway 7-9424 


MASSACHUSETTS 


Boston—Gibson Engineering Co., 
1018 Commonwealth Ave. 
Phone Aspinwal 7-5074 


MICHIGAN 
Detroit—Miller Fluid Power Div. 


7338 Woodward Ave., Rm. 404. 


Phone Trinity 2-144] 


Grand Rapids—J. N. Fauver Co., 


2147 Englewood Drive. 
Phone Cherry 5-1247 
Flint—J. N. Fauver Co., G. 
3140 E. Hemphill Rd 

Phone Pilgrim 2-3300 


y catalog 


| 


a Write for 





Over 100 Miller Field Engineers... 

factory trained . . . fully experi- 

enced ... specially qualified to 

render helpful, friendly coopera- 
tion from the strategic loca- 
tions listed below. 


MINNESOTA 
Minneapolis—Miller Fluid 
Div., 2800 Foshay Tower. 
Phone Federal 5-0449 


Power 


*AISSOURI 
St. Lowis—Sturgis Equipment Co., 
601 S. Taylor Ave. 
Phone Olive 2-5380 


NEW YORK 


New York City—C. H. Ribble Co., 
31 Di Carolis Court, Hackensack, 
Mm, J. 

Phone Diamond 2-2602 
Rochester—Miller Fluid Power 
Div., 114 Thistledown Dr. 

Phone Congress 6-1660 or 
Browning 1-2109 

Buffalo—Miller Fluid Power Div., 
28 Church St. 

Phone Madison 3993 


OHIO 


Akron-Youngstown—Miller Fluid 
Power Div., P. O. Box 150, 
Sebring, Ohio. 

Phone Sebring 8-6368 
Cleveland—Miller Fluid Power 
Div., 12703 Triskett Rd. 

Phone Clearwater 2-3131 
Dayton—K. C. Mosier Co., 628 
Ludiow. Phone Michigan 9805 
Columbus—K. C. Mosier Co., 549 
N. Columbia. 

Phone Capital 1-7120 

Lima—K. C. Mosier Co., 1566 N. 
Union. Phone 6-8616 
Cincinnati—K. C. Mosier Co., 
6119 Cary. Phone Garfield 1-1023 





Toledo—J. N. Fauver Co., R.F.D. 
Dutch Road, Waterville, Ohio. 
Phone Waterville 3598 


PENNSYLVANIA 
Philadelphia—Miller Fluid Power 
Div., 1468 York Rd., Abington, Pa. 
Phone Turner 4-4905 
Pittsburgh—Ralph Hiller Co., 
4133 Brownville Rd. 

Phone Tuxedo 2-7353 


TEXAS 
Houston—Hydraquip Corp., 6645 
Navigation Blvd. 
Phone Walnut 6-8301 


WASHINGTON 
Seattle—George W. Warden Co., 
1305 Dexter Ave. 
Phone Alder 0622 or 
Adams 0150 


WISCONSIN 


Milwaukee—Fluid Power Equip- 
ment Co., 3320 Green Bay Ave 
Phone Concord 4-0046 


QUEBEC, CANADA 


Montreal—Miller Fluid Power 
Div., 520 Curzon St., St. Lambert, 
Montreal. Phone University 1-1304 


ONTARIO, CANADA 


Toronto—Miller Fluid Power 
Div., 4158 B. Dundas St. 
Phone Belmont 3-0831 


'- FLUID POWER DIVISION 


Flick-Reedy Corp. , 


2006 N. Hawthorne Ave. 


AIR & HYDRAULIC CYLINDERS 


Melrose Park, Ill. 


BOOSTERS ACCUMULATORS 


COUNTERBALANCE CYLINDERS 














One of the vital Perkins custom- 
cut gears which insure oie. 
a operation of NI.- 
IL®—the new automatic loom 
winder that replaces the hand- 
filled battery and consolidates 
all filling operations in the 
weaving area. 


Sy 


Perkins Custom-Cut Gears Specified for 
Universal Winding’s New Unifil® Loom Winder 


Quality and service determine Universal Winding Company’s choice of Perkins 
custom-cut gears for many of their machines, including the new UNIFIL®. Perkins 
gears are precisely cut to exact specifications which eliminate noise, wear and back- 
lash. This means fewer rejects, lower maintenance cost and longer gear life. Extensive 
facilities and modern equipment, backed by 52 years of gear-making know-how insure 
prompt delivery, as scheduled, to meet production needs. You, too, can benefit from 
Perkins quality and service. Perkins can cut your gears from any material — metallic 
or non-metallic. If you require a special deep 
or shallow pitch, a gear with a hub, clutch 
teeth or other special features, Perkins engineers 
will work with you to insure efficient and 
economical gear design. Ask us to quote on 


your next gear requirement. 


YOURS ON REQUEST 
— Folder illustrating 
gears Perkins has 
made — face gears, 
generated and curvic 
clutches; bevel, spiral, 
helical and spur gears; 
ratchets, sprockets and 


# ground thread worms 


.+.from all materials. 
Includes Perkins facil- 
ities for producing 
various gear types and 
sizes. Write today. 


RKINS 


MACHINE AND GEAR CO. 


Dept. 13 West Springfield, Mass. 
Telephone: REpublic 7-4751 
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maximum protection against vibra- 
tion, shock and temperature, and 
meet military specifications. En- 
capsulation provides a_ resistant 
precoating. Special magnetics with 
exceptional performance character- 


istics, as well as production quanti- 
ties of standard units, are avail- 
able. ACF Industries Inc., Avion 
Div., 11 Park Place, Paramus, N. J. 

Circle 732 on page 19 


Submersible Motors 


for oil and 
aqueous liquids 


Line of 1/3 to %4-hp electric mo- 
tors operates fully submerged in 
gasoline, fuels, oils and _ similar 
liquids for high-reliability applica- 
tions in remote and booster-pump 
systems. Oil and water types are 
lubricated and cooled by liquid in 
which they are submerged. Motors 
provide protection against failure 
from overload or low liquid level 
in tank. Automatic thermal pro- 
tective device, located at point of 
fastest response, shuts off power 
when internal pressures rise ab- 


normally. Stator windings are 
embedded in plastic and hermet- 
ically sealed in welded stainless- 
steel case for permanent protec- 
tion. Franklin Electric Co. Inc., 
East Spring St., Bluffton, Ind. 
Circle 733 on page 19 


Electrical Spaghetti 


of extruded 
Teflon tubing 


Kelon-T electrical spaghetti, for 
use in electrical and electronic in- 
stallations as a dielectric in high- 
temperature service, in corrosive 
atmospheres or where space is at 
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Now you can 
bury your pumping 
~—=e problems 





FAIRBANKS-MORSE 


Water-Lubricated 
Submersible Pump 


Now you can have all the advantages of a 
submersible pump, pius time- and perform- 
ance-tested Fairbanks-Morse features. 
Fairbanks-Morse submersible pumps 
permit well location anywhere that a well 
can be drilled. No unsightly installations, 
no costly pump housing. Nothing—abso- 











lutely nothing—need show above ground. 
These pumps submerged in the well below 
water level are practically soundless and 
require no line shafts, packing boxes or 
lubrication devices. Hence, wearing parts 
needing maintenance are reduced to a 
minimum. A single moving assembly does 
all the work. 

Installation is faster and more economi- 
cal. The Fairbanks-Morse motor, with life- 
time Copperspun rotor cooled by water 
and lubricated by water, gives full motor 
output. The well-known Fairbanks-Morse 
or Pomona pump bowls are combined with 
these wet stator motors to produce un- 
beatable pumping units covering a wide 
range of requirements as to volume, pres- 
sure, and setting depth. 

For industry or community service you 
can place your water service trust in the 
F-M submersible. Contact your Fairbanks- 
Morse Sales Engineer and ask him for 
Bulletin 6910 on this time-proved sub- 
mersible pump, or write today to Fair- 
banks, Morse & Co., Dept. MD7-11,600 S. 
Michigan Avenue, Chicago 5, Illinois. 


(“) FAIRBANKS- MORSE 


a name worth remembering when you want the BEST 





PUMPS ¢ SCALES ¢ DIESEL LOCOMOTIVES AND ENGINES ¢ ELECTRICAL MACHINERY 
RAIL CARS e HOME WATER SERVICE EQUIPMENT ° MOWERS A MAGNETOS 





when you need it v OW 


call Wheelock, Lovejoy! 


For quick action — regardless of the size of your order — 
call Wheelock, Lovejoy for alloy steel bars, billets or forgings. 
Whatever size, shape or heat treatment you may need, you 





can get it when you need it by ordering directly from the 
W-L warehouse nearest you. 


Expert metallurgists will help you select from our own 
HY-TEN steels or the standard AISI or SAE grades. 


Write today to our Cambridge office for your free Wheelock, 





Lovejoy Data Sheets. They contain complete technical 
information on grades, applications, physical properties, 
tests, heat treating, etc. 


Warehouse Service — Cambridge e Cleveland e Chicago 
Hillside, N. J. e Detroit e Buffalo e Cincinnati e Jn 
Canada —Sanderson-Newbould, Ltd., Montreal & Toronto. 


WHEELOCK, LOVEJOY x company, INC. 








133 Sidney Sreel, Cambridge 39, Mass. 
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a premium, is a thin-wall extruded 
Tefion tubing. It is completely 
serviceable at temperatures from 
—185 to 250 C, is chemically inert, 
heat resistant, tough and flexible. 
It has excellent dielectric proper- 
ties, low coefficient of friction, and 
zero moisture absorption. Tubing 
is available in AWG sizes 30 


through 0 in natural and standard 
NEMA colors fer circuit identifica- 
tion. It is supplied in 200-ft 
spools. W. S. Shamban & Co., 
11617 W. Jefferson Blvd., Culver 
City, Calif. 

Circle 734 on page 19 


Gear Racks 


of No. 303 stainless steel 
and aluminum 


Fine-pitch gear racks are avail- 
able in 48, 64, 72, 96 and 120 
AGMA Precision I pitches. They 
are No. 303 stainless steel and 








aluminum. PIC Design Corp., 477 
Atlantic Ave., East Rockaway, 
N.Y. 

Circle 735 on page 19 


Potentiometers 


have variable depth of cup 
and number of taps 


Modular design subminiature, min- 
iature and standard precision po- 
tentiometers have high-tempera- 
ture resistance and close linearity. 
Depth of cup and number of taps 
are variable as required by appli- 
cation. All mounting types are 
available, and ganging is permitted 
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Progress in designing air systems: 


Here’s another 
automating idea: 
Schrader Air Products 
in a multi-step 
punching system 


PROBLEM: To pierce tiny balls of lead Schrader Products successfully performing at prominent Western plant— 
shot, fast, accurately, and economically. feeding, shot-piercing, ejecting—all automatically with air. 








FEED: Performance of the cylinders in this system is controlled PIERCE: The shot is pushed forward and clamped at the pierc- 


by cam-actuated Schrader valves. Cylinder A controls split-cam § ing station by cylinder A and cylinder B. Cylinder C pierces 
feed; allows the shot to be fed into the machine one ata time. the shot. 





Air’s benefits apply in almost any operation you 

can name: stamping, forming, programming, 

squeezing or measuring. And the advantages are 

more important today than ever: speed, accuracy, 

safety, simplicity, versatility, and—amazing econ- 

omy. Schrader components are a natural for the 

designer because they comprise the only complete 

line of air products to select from. They can be used 

singly or in combination to perform jobs of amaz- 

ing variety and complexity. When you design, think 

5 of air, and make use of Schrader’s engineering 
EJECT: Cylinder B returns to its initial position. Cylinder A facilities to help you specify the right products for 


completes its forward stroke, ejecting the pierced shot. And your idea. Mail the coupon today. 
cycle starts again. 








A. SCHRADER’S SON Division of Scovill Manufacturing Co., Inc, 
476 Vanderbilt Avenue, Brooklyn 38, N. Y. 


Please send latest informative booklets which show Schrader’s com- 
plete line of Air Control Products. 


QUALITY AIR PRODUCTS Name 


Company 


oe divisionof SCOVILL 

















Address. 
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Designing to total dynamic environment... 


A NEW CONCEPT in shock and vibration protection 


for missiles and jets 


The total dynamic environment against 
which equipment must be protected in 
missiles and jets is so violent that pro- 
tection by conventional unit isolators is 
impractical. Unit isolators built to meet 
the demands of this service would be 
relatively huge, yet there is no room for 
even admittedly inadequate present-day 
isolators. 
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Figure 1. Graph showing specified limits 
of isolation efficiency during missile 
launching and the performance of dis- 
tributed-element mounting system. 

The total dynamic environment 

Sev shock during launching, high 

g values of sustained acceleration with 
superimposed vibration, high-amplitude 
vibrations, and operation through all flight 
attitudes from horizontal to vertical — 
these are the elements of the dynamic 
environment met in currently operational 
missiles and detailed in the following 
specifications. 

e Effective vibration isolation under steady 
state acceleration of 6 g 

e@ Shock transmissibility not over one for 
15-g, 11-millisecond half-sine-wave shock, 
per Procedure |, MIL-E-5272A 
No snubber contact under high-ampli- 
tude low-frequency vibration input 
Low transmissibility at resonance 
Effective vibration isolation for all fre- 
quencies above 50 cycles per second 
Compliance with these requirements for 
every mounting position or attitude 
Provision of the required characteristics 
in an isolation system of minimum size 
and weight. 


Obviously, MIL-spec isolators are inade- 
quate to meet these stringent require- 
ments. 


BARRY | ) MOUNT 


7 Udo S Mote), ba fe] & 


INCORPORATED 








REPRESENTAT 


722 PLEASANT STREET, ‘WATERTOWN 72, MASSACHUSETTS 




















A distributed system 

A totally new design concept a dis- 
tributed-element isolation system — not 
only does the necessary job but provides 
substantial space savings as well. This is 
how it works. A number of small, single- 
degree-of-freedom, spring-and-friction- 
damper elements are so disposed about 
the mounted units that spring rates are 
equal for all directions of loxding. This 
makes the isolation characteristics the 
same for every operating or installation 
position. 


Figure 2. Oscillogram for shock test along ver- 
tical axis for an integral mounting system 
carrying two, six-pound electronic units. 
Upper trace: amplitude calibration at 60 
cps. Middle trace: output from mockup of 
equipment. Lower trace: input to mounting 
assembly. 

Matching the environment 

With this new design concept, both the 
stiffness and the damping of the individual 
isolation elements can be selected so that 
the system is matched to the application. 
Thus it becomes feasible to provide 
greater shock protection in one plane, to 
design for different vibration inputs from 
different directions, or to provide what- 
ever compensation is needed to suit the 
total dynamic environment. And because 
the separate elements can be located 
wherever space is available, this system 
minimizes space requirements. 

A further advantage of this protection 
system is the ability to accommodate large 
vibration amplitudes without snubber con- 
tact. This is a result of the non-linear 
friction damping that can be set to limit 
the movement of the equipment under 
resonant conditions. This type of damping 
also allows efficient isolation of low-ampli- 
tude, high-frequency vibration because 
only slight damping occurs at the higher 
frequencies. 

Additional design data 

Ask for Report No. 602 giving detailed 
information on the specifications being 
met by Barry Integral Bases using the 
“distributed-element isolation” concept of 
characteristic selection. 

Barry's new Western Division, in Burbank, Cal., 

offers fast, on-the-spot design and prototype 

service, and production of special systems 
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with up to 15 cups without ex- 
ternal clamp rings. Complete 
range of sizes is available. Tech- 
nology Instrument Corp., 537 
Main St., Acton, Mass. 

Circle 736 on page 19 


Zippered Tubing 


makes cable harness 
without primary fastening 


Tal-Pres flexible tube is a clear 
vinyl plastic material, 0.020-in. 
thick, which fits over and holds 
wire harness in position without 
lacing or spiral wound tape. It is 
available in roll form and is ap- 
plied as 2. longitudinal covering. 
Seam fastening is an extrusion 
closed with a small, removable zip- 
per. Closure provides a water and 
airtight joint which can be made 
permanent if desired with a liquid 
sealer. Material can be perforated 
if necessary to prevent internal! 
condensation. It is supplied in di- 
ameters from !% to 4 in. to fit all 
requirements. Black or colored tub- 
ing, perforated tubing, and thick- 
nesses of 0.030 and 0.040-in. are 
also available. Pres Industrial 
Equipment Ltd., Box 319, New 
Paltz, N.Y. 

Circle 737 on page 19 


Differential Pressure Switch 


for explosive atmospheres 


Model 932 switch senses a pressure 
difference between two variable 
pressures or a variable and a ref- 
erence pressure. Available in four 
classes of proof pressures from 500 
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NOTHING can equal 
Stainless Steel 


in its unique combination of properties 





No other design material can match Stainless Steel in its 
combination of desirable properties: corrosion resistance, 
strength, hardness, beauty, cleanability and easy fabrication. 
For a reliable source of supply, United States Steel offers 
you the widest range of types, finishes and sizes. Just call 
your steel warehouse. 


For High Temperatures. This recuper- 

ator is used on industrial furnaces. It 

uses waste flue gas to heat the incom- 

ing furnace air and thereby increase 

the efficiency of the furnace. Formerly, For Cleanliness. When you work near nuclear radiation areas, 
these recuperators were made with you wear a small badge containing X-ray film that records 
ceramic tubes, but heat transfer was how much radiation you have received. The film, ‘‘photo- 
low and leakage was high. The dosimetric film,’’ is developed in a Sensitometric Processing 
Hazen Engineering Company in Pitts- Unit made by Bar-Ray Products, Inc., in Brooklyn. The unit, 
burgh makes recuperators almost including the trays shown here, is made completely from 18- 
completely from Stainless Steel. Com- gage Type 316 Stainless Steel because it resists corrosion, 
pared to ceramic designs, the Stain- is easy to clean, has a hard, dense surface that doesn’t 
less design saves about 40% in fuel, harbor dirt. 

increases furnace output about 10%- 

15%. The Stainless Steel performs cde o. necdattnians Cae ee 
well, even at this 1800-2300° F yesmiaguniiesenphohanen omens eitanambaws 


ted States Steel Supply Division, Warehouse Distributors 


temperature range. United States Steel Export Company, New York 


For Corrosion Resistance. The Her- 
cules Powder Company needed an 
ammonium nitrate storage tank for 
their plant near Richmond, California. 
They took an old, World War | concrete 
reservoir ar“ lined it with Type 304 
USS Staini. s Steel. The 14-gage 
sheets are laced with 18,000 feet of 
vacuum-tested welds. Tank holds two 
million gallons of solution, and is 200 — - Sem | ee 
feet in diameter at the top. U. S. : 3 , ns 
Steel's Consolidated Western Division ‘ 2 — } 
handled the complete installation. Peg & 





\ 
& 


USS STAINLESS F2ite se 


SHEETS - STRIP - PLATES +- BARS + BILLETS - PIPE - TUBES « WIRE - SPECIAL SECTIONS 





U N , 2 2 ao FF A FF € @ So Fr & te & 
Circle 539 on page 19 





from the 
ee, TV 


ASSEMBLY 


the technical know-how 
to “‘engineer’’ more speed 
and profit into your 
assembling operations. 


@ The signal success of DPS trained engi- 
neers in adapting power equipment to the 
individual feeding and assembling needs 
of industrial plants everywhere is assur- 
ance that they can likewise solve your 
special problems. In our broad line of 


SELECTIVE PARTS FEEDERS 
POWER SCREWDRIVERS 
SPECIAL ASSEMBLING MACHINES 
equipment can be selected, and custom i “ 
features incorporated, to fit your require- — 
° SCREWDR 
ments. Plan now to use DPS modern [Se An extensive, acid 


assembling methods. Tell us your set-up. SB line in both bench and 
= ‘ : pedestal types. 
Write for catalog and further details. 





BOWL FEEDER BARREL FEEDER 
Electrical vibratory type to feed with stationary ring cover for 
parts that cannot be tumbled heavy-duty production 
BARREL 
c FEEDER 
Popular motorized type, for 
parts requiring critical 
selection. 


& CREWDRIVER CoO. 
2801-A Ww. FORT STREET DETROIT 16, MICHIGAN 
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to 12,000 psi, switch permits open- 
ing or closing a circuit on increas- 
ing or decreasing pressure differ- 
ence from 15 to 10,000 psi at any 
point within adjustable range of 
model. Two parallel Bourdon tube 
sensing elements provide extreme 
repetitive accuracy. Unit operates 
in any position, with no balancing 
or leveling necessary. It is used 
for operating relays, solenoids, mo- 
tor control and other similar de- 
vices. Mechanism is housed in an 
explosionproof enclosure. Barks- 
dale Valves, Pressure Switch Div., 
5125 Alcoa Ave., Los Angeles 58, 
Calif. 

Circle 738 on page 19 


Control Valve 


has zero leakage 
from 500 to 3000 psi 


Straight-through, ball-valve, direc- 
tional-control valve is used with 
pneumatic, most fuel and hydrau- 
lic oil systems, and for most liquid 
or gaseous propellants. When used 


as control valve for emergency air 
start for jet engines, valve meas- 
ures only 31% in. long by less than 
1144 in. high, and has maximum 
operating torque of 20 lb-in. With 
zero leakage from 500 to 3000 psi, 
unit meets MIL specs for shock 
and vibration. Eastern Aircraft 
Products Corp., Orange, N.J. 

Circle 739 on page 19 


Plastic Coil Forms 


in wall thicknesses 
from 0.002 to 0.010-in. 


Mylar thin-wall coil forms are 
highly resistant to moisture, solv- 
ents and chemicals and have high 
dielectric strength. They provide 
excellent thermal characteristics, 
have high tensile strength, and do 
not dry or brittle with age. Wall 
thicknesses from 0.002 to 0.010-in. 


MACHINE DESIGN 








5/8 TO 3/4 ACTUAL SIZE 


From the producer of piston rings eA used in 1 out of every 3 new Cars... 


> a 


/, ; u ae a 
Captive Cost castings-precision finished and machinea 
Gs F 





Muskegon’s Sparta Foundry now offers these (1) Automatic transmission governor cover 
important advantages in the production of your plate. 
small precision castings. (2) Countershaft retaining ring. 
1) Parts at surprisingly low cost. (3) Compressor thrust plate. 
2) Complete service from design conception (4) Camshaft attaching plate. 
to finished product. (5) Oil filler cover. > 


3) Precision cast parts in rough form, partly - 
finished or shipped ready-to-install—com- GET YOUR FREE SAMPLE KIT! . 


pletely deburred, drilled, reamed or Here’s an assortment of minia- 

tapped ... with surface finishes and flat- ture iron and bronze sand cast- 

ness to your specifications. ings and sintered powdered metal parts that 

Choice of any metal, including latest sin- shows how Sparta can reduce or completely 

tered powdered metals. eliminate your finishing and machining oper- 
ation. Write Sparta Foundry Co., Sparta, Mich. 


Cimoe 1921... The engine builders sounce ! 


~ 
PLANTS AT 
MUSKEGON. MICHIGAN 
SPARTA. MICHIGAN 
ROTARY SEAL DIVISION 
PLANTS AT 
SPARTA, MICHIGAN 
Crics.4O, KLINOIS 
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CYLINDERS 


(AIR AND HYDRAULIC) 


have everything 





O-M Tie-Rodless 
150 PSI Air 

Up to 1500 PS! Oil 
With Internal 
Locking Mechanism 
Meets JIC Standards 


0. M Series T-H 
Hydraulic 2000 PSI 
With Removable 
Gland Cartridge 
Meets JIC Standards 


Construction and performance 
features that keep O-M cylinders 
right in the middle of... 


AUTQ- MATION 


®@ Smooth, depend. 
able operation at all 
practical speeds. 

® Precision-honed, 
seamless steel body. 
@ Shock and vibration 
resistant, 

® High-tensile alloy 
steel piston rod— 
ground, polished and 
hard-chrome plated. 
@ Multiple lip, self- 
compensating rod 
gland packing on all 
hydraulic cylinders. 
@ Self-compensating 
piston and rod pack- 
ing on all cylinders, 
with packings avail- 
able for fire-resistant 
fluids, also wide tem- 
perature ranges. 

® Machined bearing 
bronze bushings for 
maximum service with 
minimum friction, 


@ O-ring static seals 
throughout with no 
flat gaskets to leak. 
®@ Efficient wipers or 
scrapers on piston 
rods. 

@ Rolled steel preci- 
sion machined end 
caps with ample sized 
ports. 

@ Adjusting needle 
for cushion control 
with ball checks for 
rapid full power starts. 
® Versatile port ori- 
entation. 

@ Wide range of 
mounts and mounting 
accessories available. 
®@ Easily maintained— 
parts subject to wear 
can be repaired with 
minimum downtime. 
@ Plus many other 
features. 


O-M Air and Hydraulic Cylinders are avail- 
able in 142” to 8” bores with standard and 
heavy-duty piston rods. 
Mail coupon today for Bulletins 101A (O-M 
Tie-Rodless Cylinders) and 105 (O-M Series 
T-H Hydraulic Cylinders). 

— ee re es mm 

ORTMAN-MILLER MACHINE CO. lw) 
7 143rd Street, Hammond, Indiana = 

() Hove representative call 
C Send Bulletins 101A and 105 


Name___ - 


Position__ 
- 


Company____ 


Address__ = 


City. ————— State__ 
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PRP xX 
are available in any OD, ID or 
length. Coil forms are suitable for 
compact and miniature assemblies. 
Precision Paper Tube Co., Dept. 
MDC, 2035 W. Charleston St., Chi- 


cago 44, Ill. 
Circle 740 on page 19 


Miniature Pilot Light 


uses neon glow lamp 


Dialco pilot light uses flange-base 
neon glow lamp whic’ measures 
about % by 44-in. Lamp consumes 
about 0.04-w power, produces prac- 
tically no heat, and has long life. 
Pilot light housing the lamp is %4 
by 114 in. in size, mounts in 17/32- 
in. clearance hole from front of 
panel. Stovepipe-shaned cap of 
high-heat plastic provides 180 deg 
visibility. It is available in four 
colors or clear. Metal parts are 


brass with black nickel, white nick- 
el or chrome finish. Terminals are 
perforated for wire. Phenolic ma- 
terial of military specification 
grade provides insulation. Dialight 
Corp., 60 Stewart Ave., Brooklyn 
ot, NX. 

Circle 741 on page 19 


Speed Detector 


self-contained unit 

is for flange mounting 
Syncro-Pak self-contained speed- 
detecting device can be flange 
mounted in any location. It is 
dust tight and provides its own 
shaft mounted in ball bearings. 
Shaft can be coupled to the shaft 
of equipment to be protected or 
controlled. Unit incorporates al- 
most any required combination of 
sensing switches to detect over- 


(Advertisement) 


FLEXIBLE SHAFTS 


Handle wide variety of 


control applications. 


The Flexible Shaft today, al- 
though not complicated, is a spe- 
cific component designed for spe- 
cific applications. Industry in 
many fields, i.e., automotive, auto- 
mation, aircraft, electronics, radio 
and television, machinery, and ma- 
rine (to name but a few) have 
found flexible shafting to be more 
economical and yet more produc- 
tive than whatever means they 
were employing to control motion 
from one unit to another where 
obstacles in the path of installation 


were impossible to do away with. 


There are two types of flexible 
shafts. 
flexible shaft which utilizes a cable 


One is the power drive 
wound to rotate in one direction 
only. The outer layer of wire of 
the cable determines the direction 
rotation, and is wound so that the 
slack is taken up when the shaft is 
in operation, making it practically 
impossible for the cable to spring 
The other 


type is the remote control flexible 


from its original shape. 


shaft in which the cable is wound 
so that the slack is taken up no 
matter which direction the shaft 
is turned. The remote control shaft 
provides for both rotation and re- 
ciprocation, such as the opening 
and closing of a valve. 


@ee@ For complete information as 
to how flexible shafting may help 
you solve your specific control 
problem, write F. W. Stewart Cor- 
poration, 4311-13 Ravenswood Ave., 


Chicago 13, Illinois. 
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speed and underspeed in a narrow 
or wide range. It is adaptable for 
use on conveyor and similar drives 
to indicate slippage or to actuate 
magnetic clutches, and also pro- 
vides a method of shifting multi- 


speed transmission gears. Shown 
is two-stage unit rated at 5 amp 
and accurate to +1 per cent. Torg 
Engineered Products Ine., 32 W. 
Monroe St., Bedford, O. 

Circle 742 on page 19 


Thermal Switch 


protects against 
excessive overheating 


Heat limiter protects many types 
of electrical devices or apparatus 
against excessive overheating. 
Switch opens the circuit should 
temperature at thermal cut-out 
rise above its set point. Unit can 
be installed in heater-element cir- 
cuit-or relay circuit. It is avail- 


able in many types and styles of 
terminals. McGraw-Edison Co., 
Bussman Mfg. Div., University at 
Jefferson, St. Louis 7, Mo. 

Circle 743 on page 19 


Relief-Valve Actuator 


has wide range 
of speeds 


Relief-valve motorized actuator is 
for direct mounting on a relief 
valve in place of hand adjustment. 
It can be furnished with two-speed 
control to provide ease and ac- 
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AS PRECISION CAST... 


Precision Metalsmiths casts this valve as 
a pressure-tight unit in a beryllium 
copper alloy at the unbelievably low cost 
of $4.90. 

Figure what it would cost—at your 
overhead —to produce, handle and stock 
the six brass, copper and steel parts that 
formerly went into this assembly. Then 
add fabrication costs, with an allowance 
for leaker-rejects that showed up all 
too frequently. 

We can’t promise you savings like this, 
of course. But the expendable pattern 
process gives product designers a free 
rein; your men imagine what they'd like 
to have and we cast it for them. Many 
machining and assembly operations can 
be eliminated and, often, parts are made 
in alloys that can’t be machined—a frac- 


tion of an ounce up to 10 pounds. 


fv ..) 


a % 
Say whew 
you're worried about 
high costs 


and we'll send you this 
free book 


a 
| 
8 


PRECISION METALSMITHS, INC., 1083 East 200th St., Cleveland 17, Ohio 


pour yourself an assembly with 


PRECISION METALSMITHS « 


INVESTMENT CASTINGS 
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Class “E” 


This is the relay you’ve asked us to build. Now 
Automatic Electric is happy to present its latest 
achievement—the miniature Class ‘‘E’’. We’re 
proud because this husky baby brother of the Class 
‘*‘B” condenses all of its famous features in a min- 
imum of space and weight . . . with no sacrifice of 
quality! Many Class ‘‘E”’ features appear for the 
first time in a relay of such compact size. Here’s a 
relay which is indispensable where small size and 
weight (coupled with reliable performance) are of 
prime importance. 


This new miniature relay comes to you with a 
solid reputation, backed by 65 years of leadership in 
automatic dial telephone equipment for America’s 
Independent telephone companies and leadership 
in industrial controls for industry. 


Check these features of the new Class ‘“‘E”’— 

® miniaturized, telephone-style, base mounting for 
rear-connected wiring. 

® heavy thickness armature arms (previously avail- 
able only in larger relays). 


* heavy-duty backstop that won’t wear out. 
* adequate terminal clearances for easy wiring. 


long-life, lubricant-retaining bearing also allows 
for an easy check of the heelpiece airline setting, 
without disturbing the adjustment. 


* fully independent twin contact springs. 
® sturdy, strain-relieved heelpiece insures stability 


of adjustment. 


For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. In 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


AUTOMATIC <= ELECTRIC 


1] 
A member of the General Telephone System - 
One of America's great communications systems 
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curacy of setting. Limit switches 
are included for normally open and 
closed limit settings. Wide range 
of actuator speeds is available to 
provide any desired time for full- 
stroke actuation. Standard motor 
voltage is 28 v de. Other voltages 
can be accommodated by changes 
in motor or control box. United 
Hydraulics Ine., Dayton, O. 

Circle 744 on page 19 


Transmitter and Receiver 


for remote indication of 
angular position 


Matched transmitter-receiver pair 
are used for remote indication of 
angular position. Transmitter gives 
a linear output over 320-deg range. 
Unlimited number of receivers can 
be connected in parallel to one 
transmitter without reduction of 
standard 3 per cent accuracy. Re- 
ceiver has provisions for zeroing 


in at upper and lower limits of 
scale. Power requirement is 110- 
120 v, 60 cycles. Receiver requires 
only two wires from transmitter. 
Certi-Fact Engineering Inc., P. O. 
Box 774, Sherman Oaks, Calif. 
Circle 745 on page 19 


Fractional-Horsepower Motors 
in NEMA frames 56 and 48 


Model R rerated fractional-horse- 
power motors, available in ratings 
from 14 to 1 hp in polyphase, ca- 
pacitor single-phase, permanent 
split-capacitor and_ split - phase 
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BEARING APPLICATIONS 


Striking cost reductions in bearing applications 
in many mechanical products are made possible by 
the use of Bunting Sintered Powdered Metal 


Bearings and parts. 


Bunting engineering counsel can guide you in 
the selection of designs and alloys that will 
provide bearings of exactly the type, 

design and material that will 

fully meet both cost and 

functional requirements, whether 

the material be Cast Bronze 


or Sintered Metal. 


A competent group of Bunting Sales Engineers in the 
field and a soundly established Product Engineering 
Department put at your command, comprehensive 
data and facts based on wide experience in the 
designing and use of Cast Bronze and Sintered 


Powdered Metal Bearings and parts. 


Write for catalogs and 
your copy of the new 
24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 
composition, 
manufacture and 
application. 


Bunting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 
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Here are BRAND NEW units for improv- 
Tate Meiitei (lates "Mre) Me olal-lelaat-lilem@ee) ol-1e-tifela] 


new designs 
new features 
new HIGH EFFICIENCY 


(introduced by WATTS, leader in flow 
control specialties since 1875) 


Delivers really CLEAN dry air 


High-Efficiency FILTER with 
exclusive ‘‘Tornado Action.” 


Extreme centrifugal force 

spirals dirt and moisture parti- 

cles downward into the “quiet 

zone” leaving in the air only a 

minute percentage of the finest 

and lightest particles which are 
Watts Filter delivers clean dry air trapped by the filter cone. 
to Federal Products Dimensionair. 


Maintains MORE UNIFORM PRESSURE 


ee High-Efficiency REGULATOR 
si with highly sensitive 
“Aspirator Action.” 


Watts Regulator 
maintains 
uniform air 
pressure for 
Scorct-W illiams 
KN Knitting 
Machine 


Watts Aspirator control acts 
directly on the diaphragm, giv- 
ing instant compensation for 
fluctuating pressure demands... 
provides precise control and sta- 
bilizes pressures reaching indi- 
vidual pieces of equipment. 


LUBRICATES perfectly at all flow rates 


aide High-Efficiency LUBRICATOR 
with exclusive 
“‘By-pass pick-up.” 


—z 


» 

Watts new By-Pass Pick-Up Uy | 
makes possible a sub-miniature, Wir 7 

velocity venturi section a 
which positively creates sufficient 
force — even at flow rates as low 
as one cubic foot per minute — to 
vaporize oil into a fine mist for 
uniform, economical lubrication. 


Watts 
Lubricator 
provides 
efficient 
lubrication 
for Markem high 
Machine 
Company’ s 
Model 70AF. 


BEFORE YOU MAKE ANY COMMITMENTS — 


get the facts on Watts new-design units which open up new 
worlds of efficiency in Pneumatic Operation, Line Mainte- 
nance, and Protection of Equipment against foreign matter. 


REQUEST CATALOG AND DETAILED 


Warrs 


12 EMBANKMENT ROAD 


SPECIFICATION SHEETS 


REGULATOR COMPANY 


SINCE 1875 





LAWRENCE, MASSACHUSETTS 
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types, are designed in NEMA 
frames 56 and 48. Reductions in 
weight and size are effected by use 
of aluminum rather than cast iron 
and improved design application 
of copper and steel. Motors are 
available with either sleeve or fully 
sealed ball bearings. Sleeve bear- 
ings are lubricated by wool-felt 
packing system which retains lu- 
bricant regardless of operating 
position. Units have either rigid, 


welded base or vibrationless, re- 
silient rubber mounting. Totally 
enclosed fan-cooled or totally en- 
closed nonventilated construction 
is available. Robbins & Myers 
Inc., Springfield, O. 

Circle 746 on page 19 


Electromechanical Counter 


has count rate to 
60 per second 


counter adds, subtracts 
and totalizes. It has a life of 300 
million counts, count rate to 60 
per second, electrical or manual 
reset by single-stroke push bar, 
and switch readout circuitry for 
accurate programming. Counter 
uses etched circuitry in place of 
internal wiring. Bidirectional step- 
ping mechanism is locked between 


Neuron 


impulses to prevent double index- 
ing due to shock, vibration or over- 
voltage. Unit is available in four 
models to accommodate a variety 
of counting problems. It is for ap- 
plications where counting of ar- 
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Ketos shaft being induction hardened to Rockwell 55-56, while ends remain soft for final machining. Photographed at Control Instrument Co., Inc., Brooklyn, N. Y. 


KETOS has wide hardening range 


with minimum volume change... 


Ketos is a low priced alloy tool steel that can be hardened from 
low temperatures with practically no volume change. It has 
deep hardening qualities, and a fine grained structure, that 
make it desirable for many production parts. 

That’s why nondeforming Ketos is well suited not only for 
most tool steel applications such as gauges, dies, and taps but 
also for close-tolerance, wear-resistant parts like the actuator 
bar shown in the induction heating unit above. The thin con- 


tact edges of this particular part withstood a “life test” of over 
4-million high speed blows. No other steel tested lasted more 
than 1-million cycles before it chipped and failed. 

If Ketos sounds like the steel you should be using, call your 
nearby Crucible warehouse. Stocks of Ketos and dozens of 
other special tool steels are large, delivery fast. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


5 UJ C i 8 LE first name in special purpose steels 


Crucible Steel 


Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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Wherever 


shuts off both sides of 
fluid line circuit 

++. prevents loss of liquid, 
gas, or pressure. 


2-way shut-off 


is required... 


HAE Th 


QUICK-CONNECTIVE 4 
TWO-WAY SHUT-OFF COUPLINGS ( 


To connect a Hansen Two-Way 
Shut-Off Coupling, you merely 
pull back the sleeve and push 
the Plug into the Socket. To dis- 
connect, just pull back the sleeve. 
No tools required. When Cou- 
pling is disconnected, similar 
valves in Socket and Plug shut 
off both ends of circuit—practi- 
cally eliminate spilling of liquid 
or escape of gas at instant of 


disconnection. 


Hansen Series HK Two-Way 
Shut-Off Couplings are available 
with female pipe thread connec- 
tions from 1” to 1” inclusive. 


Available in brass or steel. 
REPRESENTATIVES IN PR 


SINCE 1915 @ 


THE HANSEN 


FOR 
>) «~f PREssuRE 
/ OR VACUUM 


SERVICE 


WRITE FOR THE 
HANSEN CATALOG 


Here’s an always ready 
reference when you want 
information on couplings 
in a hurry. Lists complete 
range of sizes of Hansen 
One-Way Shut-Off, Two- 
Way Shut-Off, and 
Straight-Through Cou- 
plings—including Special 
Service Couplings for 
Steam, Oxygen, Acety- 
lene, etc. 


INCIPAL CITIES 


QUICK-CONNECTIVE FLUID LINE COUPLINGS 


MANUFACTURING COMPANY 


4031 WEST 150th STREET e CLEVELAND 11, OHIO 
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ticles moving at high speeds is re- 
quired, or where timekeeping or 
accurate measurement of rapid 
flow is necessary. Autron Engi- 
neering, 1254 W. 6th St., Los An- 
geles 17, Calif. 

Circle 747 on page 19 


Glass Epoxy Laminate 


is flame retardant 


Glass epoxy laminate will not con- 
tinue to burn when removed from 
a flame because of self-extinguish- 
ing characteristics imparted by 
flame-retardant additives. Having 
high strength and good electrical 
properties, laminate is heat resist- 
ant and can be used continuously 
at temperatures to 300 F. It is 
available in plain form for power 
applications and metal clad form 
for printed circuitry. Material is 
available in sheets 0.010 to 1 in. 
thick. Applications include switch- 
gear components, panels, terminal 
boards and other power equip- 
ment, and radio and television re- 
lays, printed-circuit panels and 
other electronic components. Con- 
tinental - Diamond Fibre Corp., 
Newark, Del. 

Circle 748 on page 19 


Silicon Rectifier 


for television use 


Unistac TV500 silicon rectifier is 
a direct and universal replacement 
unit for all selenium stacks up to 
500 ma. Having eyelet construction, 
it eliminates need for special sock- 


ets, drilling or conversion kits. Sili- 
con diode mounted on finned heat 
exchanger provides convection cool- 
ing. One unit in a half-wave cir- 
cuit delivers 500 ma and 130 v de, 
with input voltage of 117 v rms. 
International Rectifier Corp., 1521 
E. Grand Ave., El Segundo, Calif. 

Circle 749 on page 19 
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SEALED HEAD KEEPS OUT 
OIL, COOLANT, METAL CHIPS 
your guarantee of 
reliable limit switch operation! 


With completely sealed operating heads, as well as sealed switch bodies, 
Allen-Bradley Bulletin 802T oiltight limit switches provide maximum 
reliability in limit switch operation for your modern, high speed pro- 
duction machines. The sealed head excludes oil, dirt, and metal chips 
from the operating mechanism ...the spring return, momentary con- 
tact operators cannot become sluggish and stick. 

The maintenance free, double break, silver alloy contacts are sealed 
in the oiltight body. Interchangeable operating heads are available 
with various push rods and levers which can be mounted in any one 
of four positions. Oiltight transparent plastic covers, for inspecting 
contacts and wiring without removing the cover, are available for 
most units. 

Here’s a line of quality limit switches in which each type will pro- 
vide millions of trouble free operations. Have your A-B control engi- 
neer acquaint you with this latest development—another advance in 
limit switch design. 


802TC Side Push 
Rod Type 


3 


802TA Roller 
Lever Type 
YW 
‘ 


—— i a 


802TAO Roller 
Lever Type for 
Cavity Mounting 


A 


BS 
802TF Rod Type 


802TB Top Push Rod 
Type with Plastic 
Window 


802TG Adjustable 
Roller Lever Type 


ALLEN-BRADLEY 


MOTOR CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





NO 


ec ce ALLEN-BRADLEY 


PRECISION-TYPE LIMIT SWITCHES 





Newly designed head on push type seals out oil. 
Roller lever types have sealed operating shafts. 


Synthetic rubber gasket between housing and plate 
excludes oil and coolant from operating mechanism. 


OILTIGHT BODY 


$ 
you? 
mar 250" 


Allen-Bradley precision-type limit switches combine very close operat- 
ing tolerances with such a sturdy construction that they can be used for any 
industrial application. Now this line of limit switches has been further improved 

by making them completely oiltight. 

Especially designed for use where the motion to operate the limit switch is measured in 
thousandths of an inch. these Allen-Bradley limit switches can henceforth be employed in 
applications where oils, coolants, and dust are present. 

Allen-Bradley Bulletin 802 oiltight precision limit switches have a positive snap action 

mechanism which prevents any possibility of a “dead center” 
...no matter how slowly the actuating force is applied. 
They are available in both the spring return and maintained 
contact construction. And all have maintenance free, double 
break, silver alloy contacts. 
Ey. Specify these Allen-Bradley oiltight limit switches where 
ed “precision”” operation is required and where dirt and oil 
could cause trouble. 


Push rod type. Plas- 
tic cover, for inspec- 
tion without remov- 
ing cover, made for 
most units. 


Roller lever type 
limit switch with 
lever on right side. 
Also available with 
lever on left side. 


Roller lever pre- 
cision-type limit 
switch with roller 
lever in front of the 
switch body. 


ALSO-—GENERAL PURPOSE 
LIMIT SWITCHES 


Bulletin 801 general purpose limit 
switches in standard or heavy duty 
ratings. Maintained or momentary con- 
tacts with slow or snap action. Silver 
alloy contacts used throughout this line. 


9-57-MR 





ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Stack-Switch Kit 


contains all stack-switch 
assembly components 


Stack-switch kit contains contact 
spring blades in various _thick- 
nesses, silver contact points, phen- 
olic spacers, insulating tubing, 
brackets, screws and assembly 
pins. Two sets of stack assemb- 
ling pins are furnished with each 


kit. Larger set of pins is used to 
assemble switch leaves and insu- 
lating spacers with mounting 
centers of %-in. and smaller set 
is used for assembling 14-in. center 
leaves and spacers. Switchcraft 
Inc., 1328 N. Halsted St., Chicago 


22, Ill. 
Circle 750 on page 19 


Pressure Pickup 


is built into body of 
functional spark plug 


Pressure pickup, installed in body 
of standard spark plug, retains 
thermal, ignition and _ physical 
characteristics of the plug. It is 
used for development, testing and 


maintenance of internal combus- 
tion engines and study of fuels, 
carburetion and detonation. Unit 
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COCEOGBOBO 


OVER-CENTER 


CL 


HIG 


UTCHES 


PROVIDE 


H TORQUE 


Equally spaced, hardened and ground 
roller cams, bearing upon hard steel 
insets, exert heavy pressure evenly over 
the entire ROCKFORD Over-Center 
CLUTCH face—producing unusually high 
torque, for the clutch size and weight. The 
anti-friction roller cams—an exclusive 
feature—make over-center clutch opera- 
tion extremely easy, exert heavy pressure 
symmetrically and contribute substantially 
to long life, reliable operation without 
adjustment. 


MUM INERTIA 
—F SEND FOR THIS HANDY BULLETIN 


nocurone, 
CLUTCHES Fa 


Shows typical installations of ROCKFORD 
fa CLUTCHES and POWER TAKE-OFFS. Contains 


diagrams of unique applications. Furnishes 
capacity tables, dimensions and complete 
specifications. 


ROCKFORD Clutch Division BORG-WARNER 


311 Catherine St., Rockford, Ill., U.S.A. 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, III. 
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Automotive 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Dise 


Heavy Duty 
Over Center 


PRODUCTION 
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Mr. Professional says: 


Creativity runs rampant in our depart- 
ment. You never find it chained to a 
drawing board. Free and full expres- 
sion of your ideas and know-how is 
part of the professional respect we 
have for you. 

Engineers respond to this environ- 
ment with achievement. Our T-64, avi- 
ation’s first convertible gas turbine 
engine, recently won a_ multi-million 
dollar development contract. 

To continue this pattern of success, 
we need 


Mechanical Design 


Engineers 


fond of hardware and anxious to 
trail-blaze in the field of high-speed 
rotating machinery. 

Your creativity will run rampant in 
our professional environment. Away 
from work, your environment is relaxa- 
tion — near Boston .. . the seashore 
... the mountains. 

Write in complete confidence to: 


Mr. Roger Hawk 
Technical Recruiting 


SMALL AIRCRAFT ENGINE DEPT. 
GENERAL @@ ELECTRIC 


1002 Western Avenue West Lynn, Mass. 
@eeeeeoeeev eo ee eoesveoeee2ee2028080800886086 8066.0 8 
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THESE THREE DATA FOLDERS ARE YOURS .... 
WRITE FOR THEM, NOW. 


© COMPRESSED AIR LINE FILTRATION 
@ INSTRUMENT AIR LINE FILTRATION FILTERS 


@ JET REFUELING UNITS FILTRATION/SEPARA- 
TION 


IN THE DESIGNING AND PLANNING of equipment of any size . . . hydraulic, com- € 
pressed air, oil filtration, water and oil separation, Briggs data sheets wiil help you 7 


bring your job to a complete WORKABLE conclusion. E 


We make filters for the smallest research type instrument to the massive jet-prop & 


refueling units. Write for your copy of our engineer written data folders today. 


COMPRESSED AIR LINE FILTERS 
FILTER / SEPARATORS 


THE BRIGGS FILTRATION COMPANY, DEPT. 186 WASHINGTON 16, D.C. 
YES! Send me the three data folders 

e as above outlired. No cost. 
Name 


Company 
Address 
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Engineering Equipment 





permits extensive tests and studies 
on production-model engines under 
actual operating conditions. De- 
vice is capable of high-frequency 
performance and provides full rec- 
ord of engine pressure cycles at 
low or high speeds. Units incor- 
porate standard 14 mm spark plugs 
and have pressure range of 0 to 
1000 psi. They can be used in 
water or air-cooled engines. Dy- 
namic Instrument Co. Ine., 28 
Carleton St., Cambridge, Mass. 
Circle 751 on page 19 


Temperature Probes 


for low-temperature use 


S-100 temperature probes are de- 
signed for precise measurements 
at very low temperatures. They 
measure temperature changes for 
applications such as liquid-oxygen 
systems, guided missiles and com- 


ponents in electronic circuits. 
Probes, incorporating thermistors 
mounted in probes of stainless 
steel, aluminum, lucite or other 
material, can be used with tem- 
perature bridges or recorders. 
Gulton Industries, 212 Durham 
Ave., Metuchen, N. J. 

Circle 752 on page 19 


Microwave Stability Tester 


measures stability of 
microwave oscillators 


With Model 5004 microwave sta- 
bility tester, readings can be tak- 
en instantaneously and monitored 
continuously. Disturbance  fre- 
quency can also be displayed and 
studied on an oscilloscope. At S- 
band, frequency changes can be 
measured to less than 2 cps. In- 
strument measures drift and rate 
of drift, and displays information 
on two large meters. It covers 
entire range of microwave frequen- 
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Engineering Equipment 














cies from L through X-band, us- 
ing interchangeable heads. Labora- 
tory for Electronics Inc., 75 Pitts 
St., Boston 14, Mass. 

Circle 753 on page 19 


Mounted Paper 


of moisture-resistant, 
opaque film 


Stabilene opaque drawing surface 
Mylar film is fully resistant to 
moisture, will not smudge and can 
be wiped clean with moist cloth. 
It has excellent dimensional sta- 
bility, and takes pencil and ink well 
without feathering, penetration or 
ghosting, even after erasures have 
been made. Material is 0.0075-in. 
thick, and is very firm. It is avail- 
able in three colors, and sheets 
can be supplied with preprinted 
title blocks or borders. Keuffel & 
Esser Co., Adams St., Hoboken, 
N.J. 

Circle 754 on page 19 


Drafting Templates 


for layout of MS 
flareless fluid fittings 


Five drafting templates permit 
rapid and accurate visualization of 
MS flareless fluid fittings to de- 
termire space requirements with- 
out trial and error. Templates are 
0.025-in. amber-coated vinyl plas- 
tic. They contain cutouts for 3/16 
and 5/16-in. tube sizes, 14 and %-in. 
sizes, 14-in., 54-in. and 34-in. sizes. 
Corresponding MS part number is 
shown opposite each cutout. E. F. 
Twomey Co. Inc., P. O. Box 15913, 
Los Angeles 15, Calif. 

Circle 755 on page 19 
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NONO _athousand times NO’ 
"NO loss of time, 


say the thousands of users 
of LAMINUM SHIMS... 


NO machining! 
NO grinding! 
NO counting! 


NO stacking! 
NO miking! 


LAMINATED SHIMS OF 


\/ TAM. 


SURFACE BONDED... THEY FOR ADJUSTMENT 














STAINLESS 
STEEL ALUMINUM 


. : with laminations | with laminations 
Laminated Shims of of .002” or .003”} of .003” only 
repent eg 
now available in LOW CARBON 
BRASS STEEL 


with laminations | with laminations 
of .002” or .003” | of .002” or .003” 


LAMINATED SHIM COMPANY, INC. 


Shim Headquarters since 1913 
1207 Union Street, Glenbrook, Conn. 
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Large NBD cast and machined gear blank 


YOUR BUCK 


BUYS PRECISION 





This is a heavy, 34-inch, machined gear blank. 
But you name your weight! NBD can handle it in 
gear blanks, bearings and bushings up to 

20,000 Ibs. Machined to precise tolerances... 
sizes up to 72-inch diameters. Any size, large or 
small, guaranteed sound! 


NBD specializes in bronze metallurgy; has 
developed more than 40 special alloys. 
Completely equipped for shell mold, cast-to-size, 
centrifugal casting. 


Call or write for quote or information. 


NATIONAL BEARING DIVISION 


4930 ° «nchester Avenue « St. Louis 10, Missouri 
PLANTS IN: CHICAGO « ST. LOUIS ¢ MEADVILLE, PA. 
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THE ENGINEER’S 


Library 


Recent Books 


Magnetic Amplifier Circuits. By 
William A. Geyger, U. 8. Naval Ord- 
nance Laboratory; 394 pages, 61% by 
914 in., clothbound; published by Mc- 
Graw-Hill Book Co. Inc., 330 West 
42nd St., New York, N. Y.; available 
from MACHINE DESIGN, $7.00 post- 
paid. 


The treatment of magnetic-ampli- 
fier circuits in this second edition 
has been considerably revised and 
enlarged to include new develop- 
ments and applications in this field. 

The book is a practical exposi- 
tion of the fundamental principles, 
characteristics, and applications of 
magnetic-amplifier circuits. It de- 
velops the various kinds of basic 
and more complex circuit arrange- 
ments, with as much emphasis as 
feasible on experimentally observed 
phenomena. Extended mathemati- 
cal considerations and proofs are 
avoided. Descriptive and graphical 
methods give a qualitative and 
quantitative interpretation of es- 
sential facts. 

The book is written for the cir- 
cuit designer and its material is 
classified according to circuit func- 
tions. 

A partial list of features includes 
expanded treatment of single-ended 
self-balancing magnetic amplifiers, 
a survey of the static and dynamic 
performance’ characteristics of 
magnetic amplifiers with or with- 
out positive feed-back, and a chap- 
ter on application of magnetic-am- 
plifier circuits for tracing of dy- 
namic hysteresis loops. 


Dictionary of Metallography. By 
R. T. Rolfe; 287 pages, 5% by 8% 
in., clothbound; published by The 
Chemical Publishing Co. Inc., 212 
Fifth Ave., New York 10, N. Y.; 
available from MACHINE DESIGN, $5.75 
postpaid. 


Written for the metallurgist and 
engineer, this book is a compilation 
of definitions with encyclopedic 
treatment. Included are pertinent 
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the only 
Universal Joint 
with the 


es 


a) 


tetas? Lock Ring 


Each part of every Curtis Universal 
Joint is made of specially selected steel, 
individually heat-treated for a specific 
purpose. This care in manufacture is 
reflected in our catalog torque and load 
ratings — which are substantiated by 
constant testing of production joints. 

That's why Curtis Joints are the most 
dependable, durable and trouble-free 
available—the standard of the industry. 


CURTIS UNIVERSAL JOINTS 


@ 14 sizes always in stock — bored or un- 
bored hubs 


@ Fewer parts, simpler construction 
@ Complete equipment for government tests 


PLUS = facilities and engineering skill to 
handle special specification jobs at any time. 


Not sold through distributors. Write direct 
for free engineering data and price list. 


TRADE 
MARK 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE, SPRINGFIELD, MASS. 
As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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terms from collateral sciences, such 
as micrography, macrography, 
radiography, mechanical and mag- 
netic testing, chemistry, physics, 
and physical chemistry. 


Aircraft Hydraulic Design. By 
George A. Kelbar, Flight Control Sec- 
tion, Autonetics Div., North American 
Aviation; 130 pages, 6 by 9 in., cloth- 
bound; published by and available 
from Applied Hydraulics Magazine, 
Cleveland; $4.50 per copy. 


This book deals with hydraulic 
component and system design for 
high-speed piloted aircraft and mis- 
siles. The first section of the 
book is devoted to basic theory 
treating properties of aircraft flu- 
ids, hydromechanics, and fluid flow 
through tubing. Practical equa- 
tions are developed including those 
relating pressure gradient, flow 
path dimensions, flow rate velocity, 
fluid density, and viscosity. 

Design of system components in- 
cluding actuators, valves, pumps, 
accumulators, transmission lines 
and seals is discussed in the sec- 
ond section, and hydraulic power 
servos and high-temperature hy- 
draulic problems are discussed in 
the third section. Fundamentals of 
transient analysis technique and 
frequency response method of servo 
testing are given with a discussion 
of damping ratio. 


Thermodynamics and _ Statistical 
Mechanics. By A. H. Wilson; 495 
pages, Ts by 10 in., clothbound; pub- 
lished by New York Cambridge Uni- 
versity Press, 32 East 57th St., New 
York 22, N. Y.; available from Ma- 
CHINE DESIGN, $9.50 postpaid. 


This book covers both elementary 
and advanced topics, but elemen- 
tary ideas are treated from an ad- 
vanced standpoint. The first four 
chapters deal with the develop- 
ments of thermodynamics. Nine 
chapters of the book consist of 
applications of thermodynamics 
and of statistical mechanics to a 
wide variety of problems. A spe- 
cial chapter is devoted to the third 
law of thermodynamics. 


An Introduction to Semiconductors. 
By W. Crawford Dunlap Jr., Bendix 
Aviation Corp., Mich.; 417 pages, 6 
by 9 in., clothbound; published by 






























































Sterling execrric 
POWER DRIVES 


Machinery manufacturers and 
users in virtually every industry 
report outstanding performance 
achievements with Sterling Elec- 
tric Power Drives...achievements 
in greater productivity, in greater 
machine versatility, in lower main- 
tenance cost, in rugged depend- 
ability that keeps production 
running smoothly...achievements 
that give dollars and cents proof 
that Sterling Electric Power 
Drives can make the big difference 
between average and optimum 
productivity of your machinery 
and equipment. 


Sterling Speed-Trol Variable Speed Motors 
Sterling Slo-Speed Gear Motors 

Sterling Constant Normal Speed Motors 
Sterling Multi-Mount Speed Reducers 


Write today for Bulletin No. 185. 
Discover the big advantages 
Sterling Electric 

Power Drives can 

bring to your plant. 


TERLING 


eee Bee, Bengen s-) 


LOS ANGELES 22 - CHICAGO 35 
CINCINNATI 37 + NEW YORK 51 
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How Alcoa Aluminum 
Fasteners make good 
furniture even better 


With your good name riding on 
every aluminum chair, chaise 
and settee, it pays to assemble 
with Alcoa® Aluminum Fasten- 
ers. You get perfect color match 
and lasting good looks with ab- 
solute protection against both 
galvanic and atmospheric cor- 
rosion. Your local Alcoa distrib- 
utor has a complete stock of 
aluminum fasteners to meet 
your every need. He is listed 
in the Yellow Pages of your 
telephone directory. 


vee cogs oaeei 
TELEVISION'S FI . 
ALTERNATE SUNDAY EVENING 


¥. Vase z 





ALU AAINUAA | 
FASTENERS 


Your Guide 
to the Best in 
Aluminum Valve 


Fill out coupon for facts, samples 


Aluminum Company of America 
2244-G Alcoa Bidg., Pittsburgh 19, Pa. 


Gentlemen: 
Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Name 
Title 


Company 
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John Wiley & Sons Inc., 440 Fourth 
Ave., New York 16, N. Y.; available 
from MACHINE DESIGN, $11.75 post- 
paid. 


This is a single volume on semi- 
conductors offering a complete cov- 
erage of the subject. It includes 
basic concepts, properties of ma- 
terials, methods of measurement, 
and applications. It provides an 
elementary survey of transistors, 
rectifiers, and other semiconduc- 
tor devices. The book is designed 
to provide a source of general in- 
formation on all phases without an 
excess of detail or mathematics. 
The approach of the book is en- 
tirely physical, and the sections on 
devices emphasize the mechanisms 
and mode of operation of the de- 
vices. 


Progress in Nuclear Energy, Series 
II, Reactors. By R. A. Charpie, D. J. 
Hughes, D. J. Littler and M. Trocheris; 
492 pages, 6 by 9 in., clothbound; pub- 
lished by McGraw-Hill Book Co. 
Inc., 330 West 42nd St., New York 
36, N. Y.; available from MACHINE 
DESIGN, $14.00 postpaid. 


This volume is the second in a 
series of eight on progress in nu- 
clear energy. Information about 
competing types of reactors devel- 
oped and built all over the world 
is presented. Contents include 
chapters on a prototype boiling- 
water power reactor; the graphite- 
moderated, gas-cooled pile; the 
sodium-cooled graphite reactor and 
a catalog section of world reactors. 


Mechanical Vibrations. By Ber- 
nard Morrill, Assoc. Prof. of Me- 
chanical Engineering, Swarthmore 
College; 262 pages, 6 by 9 in., cloth- 
bound; published by The Ronald 
Press Co., 15 Hast 26th St., New 
York 10, N. Y.; available from Ma- 
CHINE DESIGN, $6.50 postpaid. 

This book presents fundamental 
theory of mechanical vibrations. It 
introduces the solution of a second- 
order linear differential equation 
at an early point followed by par- 
tial derivatives so that the La- 
grange equations can be developed. 
Solution of partial differential 
equations by separation of vari- 
ables is then presented. 

A final section covers back- 
ground on analogy, mobility meth- 
od, and applications of the analog 





Get yours 
while the 


supply lasts! 


“Directory 


of Materials’ 
e 


18th Edition 
the only one 
of its kind 
available 


anywhere 


$1.00 per copy 


Penton Building 
Cleveland 13, Ohio 
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computer. 

Topics include dynamics of a 
particle, mathematics of a system 
of a single degree of freedom, sys- 
tems with several degrees of free- 
dom, beams and shafts, Lagrange 
equations, and vibrations in a con- 
tinuous medium. 


Differential Equations Applied in 
Science and Engineering. By Harold 
Wayland, Div. of Engineering, Cali- 
fornia Institute of Technology; 353 
pages, 6 by 9 in., clothbound; pub- 
lished by D. Van Nostrand Co. Inc., 
120 Alexander St., Princeton, N. J.; 
available from MACHINE DESIGN, 
$7.50 postpaid. 


This book ties together proc- 
esses of solving physical problems 
by mathematics. Not only does it 
analyze translation of physical con- 
cepts into mathematical language 
and carry through formal solution, 
but it also considers physical rea- 
sonableness of results. 

Study of partial differential 
equations is the underlying theme 
of the book, since many problems 
of applied science can be described 
in terms of these equations. The 
author introduces important topics 
from advanced calculus to round 
out the presentation. 

Vector concepts receive full at- 
tention, since they are useful in 
deriving certain partial differential 
equations. This approach in turn 
gives physical motivation for the 
study of vector analysis. Also em- 
phasized is the method of separa- 
tion of variables because it closely 
relates to techniques for solving 
ordinary differential equations. 
This treatment permits introduc- 
tion of power series expansions, 
special functions, and expansion in 
series of orthogonal functions. 


Government Publications 


NACA Technical Series. Each publi- 
cation is 8 by 10% in., paperbound; 
copies available from National Ad- 
visory Committee for Aeronautics, 
1924 F St., N.W., Washington 25, D.C. 

The following Technical Notes 
are available: 


3842. Creep Behavior of Structural Joints 
of Aircraft Material Under Constant Loads 
and Temperatures—53 pages 

3933. Effect of Fiber Orientation on Bll 
Failures Under Rolling-Contact Conditions—35 
pages. 

3936. Experimental Investigation of Tem- 
perature Feedback Control Systems Applicable 
to Turbo-Engine Control—56 pages 
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Buying component parts from one supplier can save 
a lot of time and trouble . . . less correspondence, a 
single responsibility, coordinated shipments are only 
a few of the many advantages. H-P-M’s complete line 
of pumps, power units, valves, cylinders and system 
accessories can become your standard. This complete 
service plus H-P-M’s experience background in the 
design and building of hydraulic systems can be a 
really major “assist” when needed. Write today for a 
complete catalog and get the facts on single source 
savings. Ask for Bulletin 1101. 


HYDRAULIC POWER DIVISION 








1877-1957 
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LUBRICATION 
A PROBLEM?... 


why not try’ 


* CARBON-GRAPHITE ESPECIALLY DESIGNED FOR MECHANICAL APPLICATIONS 


Where lubrication is a problem on bear- 
ings, seals, blades and similar sliding 
or rotating parts, Purebon is often the 
ideai solution. 


PROPERTIES OF PUREBON 


1. Moldable to size. 4. Dimensionally stable. 
2. Readily machineable. 5. Light weight. 

3. Chemically inert. 6. Low cost where mold- 
For complete able to size. 
information 
about PUREBON 
write for new 
Bulletin No. 55, 
or see 

Sweet’s Product 
Design File 


PURE CARBON CO., INC. 


442 HALL AVENUE ST. MARYS, PENNSYLVANIA 
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NOTEWORTHY 


Speed-Limiting Pulley 

Slip action between hydraulically coupled input and 
output members of a speed-limiting pulley holds out- 
put speed to a preset value. Effect is obtained by 
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controlling circulation of hydraulic fluid between 
close fitting, spirally grooved internal facing surfaces 
of pulley components. As speed of input pulley (ex- 
ternal shell) exceeds a predetermined limit — say, 
1400 rpm—centrifugally developed pressure of the 
fluid opens a spring-loaded check valve, permitting 
circulation of fluid radially outward along the spiral 
grooves and into the central reservoir. Result is to 
hold speed of the output shaft constant at 1400 rpm 
regardless of further increases in input pulley speed. 
Application is intended where power from a variable- 
speed prime mover to a driven load must be limited 
to a predetermined maximum value. Patent 2,792,095 
assigned to Motor Products Corp. by Floyd A. Sher- 
man. 


Adjustable-Pitch Pulley Control 


Power for changing pitch comes from the pulley 
shaft itself in an adjustable-pitch-pulley control de- 
vice. When no pitch change is required, the annular 
housing containing the roller and worm-gear assembly 
(right) revolves at shaft speed and no rotation is 
imparted to the roller. When housing rotation is 
stopped by an external brake, relative rotation be- 
tween the roller (shown, for illustration, displaced 
90 deg) and one end wall of the housing occurs. Di- 
rection of roller rotation (and pulley-pitch increase 
or decrease) depends upon which end of the hous- 
ing the roller contacts. Roller rotation, with result- 
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Noteworthy Patents 





ing worm-wheel rotation, advances or retracts the 
lower todthed rack and the attached inner pulley half. 
The upper rack and the attached outer pulley half 
are translated in the opposite direction by rotation 
of the spur gear coupling the racks. While shown 


r 




















here as an adjustable-pulley control, the mechanism 
offers a compact means for effecting relative axial 
displacement between any rotating-shaft and sliding- 
sleeve assembly. Patent 2,792,712 assigned to Gerb- 
ing Mfg. Corp. by Harry Gibson. 


Rotary Actuator 

Precise angular positioning with minimum back- 
lash is provided by a fluid-operated rotary actuator. 
Reciprocation of the piston (right) is converted to 
rotary motion of the output shaft (left) by action of 
mating helical splines cut on the piston skirt and on 
the actuator output member. Splined portion of the 





skirt, originally machined as an integral unit, is split 
transversely and reassembled with spacing shims 
(dashed lines), forming a splined member with mis- 
aligned teeth. Effect is to eliminate backlash, in- 
herent in a conventional spline connection, between 
the translating piston and output shaft. Patent 
2,791,128 assigned to General Motors Corp. by Howard 
M. Geyer and James N. Tootle. 


Self-Engaging Clutch 

Actuating weights of a self-engaging clutch—de- 
signed for duplicating machines or similar applica- 
tions—move in response to both angular and centrif- 
ugal acceleration of the input member. As the belt- 
driven input pulley (center) accelerates to engaging 
speed, a combination of rotational inertia and centrif- 
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This new “Shear-Seal’” shut-off valve rated for 
liquids or gases to 10,000 P.S.I. will withstand surges 
of up to 15,000 P.S.I. without damage to the valve or 
its leakproof operation. It is designed for a burst 
pressure of 40,000 P.S.I. 

The “Shear-Seal” principle is an exclusive Barks- 
dale development for the control of extreme pressures 
and has a long history of successful industrial appli- 
cation. Lapped optically flat sealing surfaces of the 
sealing rings and the mating rotor face are protected 
by keeping in constant intimate contact; flow is al- 
ways through the center of the “Shear-Seal” never 
across sealing surfaces, as in conventional valve de- 
sign. Sealing qualities actually improve as the self- 
aligning ‘Shear-Seals” lap themselves to a more 
perfect fit with each valve operation. The infinitesi- 
mal amount of wear is taken up by a back-up spring. 

Valves will be furnished for pipe, tube, AND 150 
or any preferred special high pressure connection. For 
complete information on the “Shear-Seal” design and 
its application in your particular high pressure valve 
problem write for “Shear-Seal” bulletin. 


VALVES 


BARKSDALE 


5125 Alcoa Avenue, Los Angeles 58, California 
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*11.00 or $3.85? 
TITCHENER 


cut the cost! 


THE ORIGINAL MOTOR MOUNT and guard, 
left, cost $11.00, weighed 24 Ibs. and contained 
an expensive cast frame. Working with the man- 
ufacturer, Titchener designed the simple wire 
mount and guard, shown at right. The new wire 
unit costs only $3.85 (a 65% saving!), weighs 


13% Ibs., reduces noise and vibration. 


Perhaps your product's cost can be similarly 
reduced with a Titchener wire/strip assembly. 
Let Titchener analyze your product to see where 
forgings, castings or stampings can be replaced 


with inexpensive wire/strip construction. 


Visit our plant, talk to Titchener's wire/strip 
experts and inspect our facilities for volume pro- 
duction. Or send us a drawing, photograph or 
sample of your product. There's no charge or obli- 


gation for oursuggestions. 





WIRE/STRIP Your information will be 


A held in strict confidence. 








E. H. TITCHENER & CO. 


Dept. 3301 
67 Clinton St., Binghamton, N.Y. 


1 Send Wire/Strip Report No. 2 describing above applica- 


tion in detail. We manufacture 


Have a Titchener Field Engineer call on us. 


~~ Se tote ide) Be 
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Noteworthy Patents 














Section 3-3 


Section 2-2 


ugal force tightens a helical band, establishing an 
initially slipping connection between the drive-pulley 
disk and the central driven hub. Result is to give 
gradual engagement of the driven shaft with no 
jerking or chattering of either clutch or driven load. 
Disengagement similarly occurs in response to decel- 
eration of the drive element, aided by an accompany- 
ing reduction of centrifugal forces and consequent 
release of the helical band. Pateni 2,789,674 assigned 
to A. B. Dick Co. by George J. Zahradnik and Edgar 
H. Du Bois. 


Linear Motion Totalizer 


Rotational output of an intermittent motion con- 
verter and stroke totalizer represents the accumulated 
total of a linear reciprocating input motion in one 
selected direction. Conversion of motion (linear to 
rotational) is through a one-way clutch (left). Ro- 























tational motion of the output shaft during the re- 
verse input stroke is blocked by a brake assembly 
(right). Intended for application in computers and 
similar devices, the device operates with minimum 
inertia and backlash. Patent 2,778,464 assigned to 
Upjohn Co. by Leonard T. Cookson. 


Vibration-Actuated Safety Switch 

Potentially destructive radial shaft vibrations, such 
as’ caused by load unbalance in high-speed rotating 
systems, are sensed and converted to appropriate con- 
trol action by a vibration-sensitive switch. Shown 
here in a centrifugal laundry-extractor installation. 
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Thirty-Ton Cranes Will Roll on These Sturdy Wheels 


This is a part of the machine shop of Industrial 
Crane & Hoist, Ingersoll Products Division, Borg- 
Warner Corporation, Chicago. Those big double- 
flange wheels, weighing 408 lb each and made from 
Bethlehem’s tough, rugged circular forged blanks, 
will be used on bridge cranes that the company man- 
ufactures. The cranes have a capacity of thirty tons. 

Obviously, strength is the first requirement that 
the wheels have to meet. Another is durability 
flanges and tread must be long-wearing). Still a 
third is overall quality to match that of other com- 
ponents in the big cranes. 

The wheels score a bull’s-eye on every count, for 
the husky Bethlehem blanks from which they are 
made are both forged and rolled in a single opera- 
tion—a unique process that insures high strength 


and a well-forged structure throughout. 

Bethlehem blanks have many applications in 
addition to crane wheels. They are widely used 
for spur, bevel, and herringbone gears; flywheels, 
sheave wheels, and industrial wheels; turbine rotors, 
pipe flanges, and many other circular products. 
Available in a wide choice of sections, the blanks 
range in size from 10 to 46 in. OD. They can be 
furnished heat-treated or untreated. 

Our nearest office will gladly give you full details. 
Or ask for a copy of Booklet 216, which contains 
many pertinent facts and photographs. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


BETHLEHEM STEEL 
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You Don't Need 
_ a Drafting Room... 





4 

















with UNIVERSAL’S new — anane wedi oe 


D E hor K =E re | Pp p © oe the protective-switch assembly (right) allows nor- 


: ; : mal ‘“‘whirling’”’ excursion of the shaft end up to pre- 
Everything right at your finger tips, ready for action! One ; : Sad 
handy carton contains new low-cost professional drafting determined amplitude levels before it either shuts off 
machine, folding drawing board, scales and accessory boxes. power to the dryer or actuates automatic balancing 
Takes just two minutes to set up! Have a free demonstration devices Normal axial shaft play, because of the 
in your own office! Write direct or contact your nearest E aa ‘ ye ia ; 
drafting materials dealer. dish-shaped operating plunger and mating cup de- 
rn L. sign, will neither actuate the switch nor affect the 
net UNIVERS transverse-vibration control point. Patent 2,782,655 
ig DRAFTING MACHINE CORPORATION assigned to General Electric Co. by Aidan M. Stone. 
7960 LORAIN AVE, * CLEVELAND 2, OHIO 
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Heavy-Duty Shaft Coupling 

Universal coupling, which accommodates both angu- 
lar and axial displacements of connected shafts, util- 
izes a flat-strap torque-transfer member. Edge sup- 
port for the strap and lubricant reservoir for the 
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TEFLON 
SEAL 











PAT. PENDING 





Satisfaction Guaranteed Or 
Money Back TRIAL OFFER 


‘ ae 

TQ Fittings are guaranteed to seal pipe Thread 0. \ 
thread connections permanently against all TAU) SEAL \ a 
il actically all known chemical d on pipe or r <p 

r ' now m 3 
oils, practically a chemicals and gases; fitting (no | SEAL 
fo seal under high pressures or vacuum; to messy pipe SIDE 7) 
withstand —280° to plus 500° F.; to eliminate ““dope’” , 
“ : — needed) 
overtightening’’ damage and pipe dope. 
Available in Ye" to 2%" pipe thread sizes. 





— Thread pipe 
$10.00 Trial Offer No. 1: eight Y,", ten or fitting 


%", eight %", ten 2" pipe thread OT hcp spherical end balls is provided by a cylindrical shell. 


Fittings. (A = Typical use is for interconnecting rolls in a rolling- 


, pee ee ca ee direction. mill train. Patent 2,780,079 assigned to SKF Indus- 
a tries Inc. by Ake Wahlberg. 


Send order to Tight 
ighten = 
THU C) SEAL 3] mm) (| 


1V | S | ON to complete 


leakproof 








c 


bi! xz ] . . . . ¢ ¢ ‘“ 
ORES, - <A iain: tai. a: =. Gul Copies of patents briefed in this department may 
torque ZA... be obtained for 25 cents each from The Commissioner 


“*Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. required) . of Patents, Washington 25, D. C. 
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They called off test after 
20,000,000 operations... 


The Bristol Multiple-Spline socket screw still held fast though 
customer engineers had expected only 2,000,000 operations! 

The screw locked and held critical contact adjustment to 
0.001” in an ultra-reliable polar telegraph relay. Test was run by 
the manufacturer, Automatic Electric Company, Chicago, mak- 
ers of telephone and communication equipment and electrical 
control devices for industry. 

During the 20,000,000-cycle life test, the 0.006” contact space 
did not exceed the 0.001” allowable tolerance. This was made 
possible by the Bristol cap screw which locked the adjustment 
screw in place. This relay—using 4 Bristol socket screws in all— 
not only has to hold adjustment under operating shocks, but has 
to operate reliably under extremes of temperature and humidity 
in outlying railroad telegraph stations. The Bristol screws as- 
sure easy adjustment or disassembly when needed. 

Reports like this are typical of the outstanding performance 
Bristol socket screws are giving hundreds of manufacturers of 
fine products—ranging from electric razors to guided missiles. 

Bristol offers the most complete line of socket screws on the 
market. Hex socket screws—the industry standard—as well as 
Multiple-Spline. Cap, set, and with every style of point. Sold 
through leading industrial distributors. Ask for complete data 
on them today. A.7.1 


Precision socket screw manufacturers since 1913 


Bristol’s Hex Socket Screws Bristol's Multipte- 
Spline Socket 


Made in sizes as small as No. 0 in Alloy Stee! and Stainless Steel. Cap Screws up to 142”. 
THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Conn. 
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RUNS 
| FASTER! 





ASSEMBLES 
EASIER! 


COSTS 
LESS! _ than other 


types of 
couplings 


Sor Bath 
FLEXIBLE 


GEAR 
COUPLINGS 


Because Sier-Bathn Flexible Gear Couplings 
are smaller and lighter than conventional 
flange-and-bolt types they have lower 
moments of inertia. This means reduc- 
tions in bending stresses on connected 
shafts; reductions in overheating and 
wear of bearings and less resistance ro 
motor drift. Consequently, Sier-Bath cou- 
plings deliver greater horsepower capac 
ity, higher rpm. The unique design of 
Sier-Bath couplings, utilizing chrome 
vanadium snap rings instead of bolts, 
means less coupling and uncoupling time 
...S0 simple a screwdriver is all you 
need...there’s never any danger of 
“freeze-up” even after years of use. Best 
of all, costs for Sier-Bath couplings aver- 
age 21% below other leading brands. 


Deliveries from stock 
on most sizes and types. 


Special types produced for 
your specific requirements. 


Complete data is in our 
Catalog C-4, yours for 


the asking. Smaller and Lighter! 


" gr | % Usual 
Sior Bath | wu. 


GEAR and PUMP CO., INC. ~ Le Weight 


9254 Hudson Blvd., North Bergen 
Founded 1905 § Member A.G.M.A. 
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the positive 
locking pin 
with quick 
release 


REG. U.S. PAT. OFF. 


GROUND THREADS 


BL-SL HANDLE TYPE 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 

PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 


DT eeddeluadeleleld sold eedede) dled ede adddeldededdeldedia de pra ne TH eld ddl dd dddededdidedi ger 


J /edidadedsdidsd dadadedsdadededededade dadedededed didodadod dodided ded did dod dod dsdodeded bed ded led edadatadadedadedaladebedatedabedadatalittPiammed 


Send Prints for Quotation 


. Sarre 
THE Yyecse~ fo : Cr IN GEARS 


Eat (| 


Beaver Gent Works Sue. 


1031 Parmele St., Rockford, Iilinois 
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STRENGTH OF CONSTRUCTION 


Whenever units are frequently assembled or disassembled the Ball-lok Circle 569 on page 19 
unique principle assures fast, safe and dependable operation. Ap- sa 
proved by leading engineers in all phases of electronic, aircraft, com- 


mercial and military plants. ; for AUTOMATED CONTROL, specify 


UT AD RE 


SAFETY © SIMPLICITY © STRENGTH 


The one operation pin assures all three . . . just insert 

pin and safety is automatic. The pin cannot be acci- 

dentally released without the premeditation of the 

operator applying thumb pressure to the release button 

to pull pin. Simplicity — the single action pins have 

less moving parts . . . completely eliminates all need Sloctrie OF a Ste et 
of nuts, bolts, washers, clevis pins or other retaining papetaatoherin ie, 
items. NO TOOLS NEEDED. Strength is derived 

from simplicity of construction combined with the 

finest materials. 


For wider design acceptance, speed of assembly and # me Duplex 


economy of servicing — specify Ball-lok pins. Avail- Degas 


i t diamet l . . 
ak ek ne Se aa so — aut Check the features of this new design: 
standards or manufactured to your specifications. eR : Wye 

Rapid diaphragm action, no sliding parts 


WRITE FOR FREE ILLUSTRATED BROCHURE 601 ON ALL STANDARD MODELS. Precise clutching and braking - adjustable ’’soft” to”’harsh’action 
Simplicity in design, trouble-free operation 
Silent action, eliminates magnetization of surrounding parts 


fn 5 standard styles; full range of sizes — 7%’ to 3%’ diameter 
Check your requirements for electric clutch and brake 
control. You'll find SIMPLATROL Miniature and Small Electric 
Clutches and Brakes upgrade new machine performance, give 


faster, more precise sequence operations. 


Ask for recommendations on Simplatrol units. 
New illustrated folder on request. 


rice Corporation im Patrol ED jodie: corp. 


24 SALISBURY ST., WORCESTER, MASS. = 


Representatives in Key Industrial Areas 


manufactured by 


We 


national sales dr esenietivas ROWE. SALES 6 @ 
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STAINLESS STEEL 


in this book... 

over 7,000 
STAINLESS STEEL 

FASTENINGS 


RIGHT-OFF-THE-SHELF* 


for immediate delivery 


Bolt & Cap Screws 
Socket, Set & Cap 
Nuts, Washe 
Machine Screws 
Sheet Metal Screws 
Wood Screws 

Pipe Fittings 


@ Avoid costly produc- Wily 
tion and experimental de- 

lays! @ Brand new 1957 

edition of Star Catalog 

now available. 


Dowel, Taper 
Cotter Pins 

AN Drilled Fillister 
Stud Bolts 


e 


Write, wire or 


copy today! 


O “STAR STAINLESS SCREW CO. 


= 658 Union Blvd., Paterson 2, N. J 
Telephone: Little Falls 4-2300 
Led Direct New York phone: Wlsconsin 7-9041 
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AOTORATC SPRAY GUN 


Model WDB 


for controlled application of lubricants, 
compounds, adhesives, paints, and coatings 


DeVilbiss WDB gun accurately applies liquids on 
all types of materials, surfaces with coverage rang- 
ing from full wet coat to light, fine mist. Instant- 
acting pneumatic on-and-off feature permits auto- 
matic, semi- automatic, or manual remote control. 
Compact size (614” x 214" x 314") and convenient 
mounting brac ket make installation flexible for 
variety of applications. All moving parts enclosed. 
Write for details. 


ey 


THE DEVILBISS COMPANY 
Toledo 1, Ohio 


Son Jose, Calif. © Barrie, Ontario 
London, England 


Branch Offices in Principal Cities 
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ninless Stan says 
‘Star's screws have 


phone for your clean, bright -and - 
shiny heads’’ 


Circle Seal’s 








WITH ABSOLUTE LEAK-PROOF SHUTOFF 
AND ‘FINGERTIP’ EASE CONTROL 


Circle Seal now offers three new plug valves in pipe sizes %4”, 
Yo” and %”, with entirely new design features. Two of these 
features are dead-tight shutoff through the use of “0” ring 
flow seal and “0” rings at top and botiom to prevent external 
leakage. Opening and closing is effort free because of the use 
of a free-fitting cylindrical plug sealed with “O” rings. The 
unique design eliminates adjusting nuts and springs making 
the valve adjustment and maintenance free for long service life. 

Wherever you use valves, specify Circle Seal—the finest 
quality. 


For detailed engineering data, write 


Circle Seal Products Co. 


Incorporated 


2181 East Foothill Boulevard, Pasadena, California 
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SAVE obents- 
with /\.BEARINGS | 3 NEW REPRINTS FROM 


COMMERCIAL and PRECISION — 

Roberts commercial Pillow Blocks MACHITE TH AL 
and Flange Units meet the demand 
for a moderately priced completely 
sealed ball bearing unit. Mounted | 
in a precision machined cast iron . “DESIGNING ELECTRONIC EQUIPMENT 
housing. Commercial line of bear- | FOR MAINTAINABILITY” 


ings % perfect for relatively light | by John D. Folley, Jr. and James W. Altman 


loads and speeds up to 1000 RPM. j : 
Roberts bearings incorporate the Complete reprint of 12-part series. Covers a 


new neoprene felt laminated seal— | host of ideas and suggestions as aids in de- 
which keeps out foreign matter and signing electronic equipment for both preven- 


i ricant. Available ° , : ; 
areagee lub — . als tive and corrective maintenance. 
with the precision cartridge made 


by one of the largest producers of | $1.00 per copy 

ball bearings. Various special e 

housi ilabl de t 
ousings available or made to your 

specifications. 


Write for complete money-saving | “HYDRAULIC SERVO FUNDAMENTALS” Vol. 1 


catalog. by J. M. Nightingale 

Covers both theoretical and practical aspects 
of servo system design. Applicable to control 
systems in general—electrical, hydraulic, 
MFG. ri INC. pneumatic, or combined systems. Complete 
reprint of 5-part series. 








1000 WEST ELM ST. SALINA, KANSAS’ 
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$1.00 per copy 


“SPEED REDUCERS AND GEARMOTORS” 


by W. S. Miller, Associate Editor, MACHINE DESIGN 

Design manual on how to select and apply 
packaged speed reducers and gearmotors. 
Covers reducer classification, reducer per- 
formance rating, reducer selection factors, re- 
ducer installation, gearmotor classification 
and gearmotor selection factors. 


$1.00 per copy 





ORDER YOUR COPIES TODAY 











SYNCHRO-START MODEL GA-3 will open or close three inde- 

pendent sets of contacts at three different speeds and are suitable 

for installation on AND 20005 aircraft tachometer drive pad. The MACHINE DESIGN Send me_——copies of “DESIGNING ELEC- 

units are adjustable while running. Standard governors can be Reader Service ir" ot E100 sack id eae ceeaed 

a to a oe between 1,200 and 6,000 R.P.M. Speeds Penton Building 

above or wt int i i : ——copi i 

<i = Cleveland 13, Ohio FUNDAMENTALS"Vol, 1. ot" $1.00 each 
These speed sensitive switches are available for various types {_] Remittance Enclosed. Send me copies of “SPEED REDUCERS 

of drives. AND GEARMOTORS” at $1.00 each 
One, two, and three switch units employ the same basic governor (] Please bill me. 

flyweight principle which has been used successfully in SYNCHRO- 

START OVERSPEED GOVERNORS during the past fifteen years. NAME 


Request Gulletin SOG COMPANY 


ADDRESS 


SYNCHRO-START PRODUCTS, INC. aad ee 


8151 N. RIOGEWAY AVE. e SKOKIE, ILLINOIS (Add 3% to orders in Ohio to cover State Sales Tax) 
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Try HELIX 


BONDING AGENT R-313 


@ A thermosetting adhesive that 
cures at room temperature and needs 
no pressure. High electrical insulat- 
ing properties. 
@ Gives a bonding strength of 3000 
psi between metal parts. 
@ Non-porous — gives high pressure 
seals between metal and glass, plas- 
tics, etc. 
@ Unaffected by acids, alkaiies, fuel 
and lubricating oils. 
@ Reduces manufacturing costs by 
eliminating bolts, screws, rivets. 
Write for literature to Dept. MD-657. 
A better product for better production 


CARL H. BIGGS 


COMPANY 
2255 Barry Avenue 


W. Los Angeles 64, Calif. 
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FOR PUBLIC ADDRESS, 
RADIO, and kindred fields, 


specify J @) N E S eames 
pili: PLUGS AND 
, SOCKETS 


; of proven quality! 


Double Contact Area 


Phosphor bronze \nife-switch socket 
g oth id f flat 
g e sides ° 
contacts enga b 
plug contacts. 
co s P sp or nze, 
Socket ntact ho h bro 


ts har 
$-406-AB lated. Plug contacts "* 
c plated. 


contacts- 


Informatio 
Jones Catalog 
necting — 


c Terminal Strips: 
P-406-CCT 


oa 
fe Howarpd B. Jones Division 
= CINCH MANUFACTURING CORPORATION 

BA Jones CHICAGO 24, ILLINOIS 

bf SUBSIDIARY CF UNITED-CARR FASTENER CORP 
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2840 Bellevue Av 


\FASTENER TO 


MEET YOUR 


REQUIREMENT 


ci. 


/ ~~ erevers 


FO mnmcemmimanen | | | tei 


ae 


Hundreds of manufacturers here and abroad 
have found the answer to their toughest 
fastening problems in HUCK’S complete line 
of commercial, positive-locking rivets. 


Huck fasteners are available in many sizes 
and shapes to meet the many specialized 
requirements of industry, from railroads to 
electronic fabrication. Their fast, simple 
application and positive locking features 
save production dollars, time and trouble 
for their many users—producing a better 
fastening job. 


Write or call for a HUCK sales engineer to 
discuss your problems. There’s no obligation. 


U.S. Patent numbers 2531048, 2531049, 2754703, 2527307 
and patents applied for. 


" MANUFACTURING COMPANY 


es 
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FOR THE BEST 
SELECTION OF 
SPEED REDUCERS 


The new Abart Catalog offers 
92-pages of valuable information, 
engineering data, detailed 
drawings and photos. Here is a 
handy and accurate means of 
selecting the exact Abart Speed 
Reducer or Precision-Cut Gear for 
any application—fast, easy to use. 


SPEED REDUCERS—75 models to choose from... spur, 
worm or combination gears . . . single or double reduction. 
Ratios up to 10,000 to 1; ratings from 1/50 to 168 hp. 


GEARS— Custom-made from any gear material to 
your exact requirements—NO STOCKS. Pitches from 
96 D.P. to 5.7 D.P. Request Gear Bulletin. 


Send B/P and Specs or Sample for Prompt Quotation 


ABART GEAR and MACHINE CO. 


Mfrs. of Gears and Speed Reducers 


4821 WEST 16th STREET ° CHICAGO 50, ILLINOIS 
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x Accurate, Constant Cylinder 
Speed Control 


* Compact Rugged Design 
+« Simple, Easy Speed Selection + For Air, Oil or Water Applications 


NLET SPEED CONTROL Pneu-Trol Speed Control Valves, are widely 
Double Acting Cylinders used in hundreds of control applications be- 
cause they combine in a short, compact body, 


a tapered fine thread needle for extremely 
accurate air or oil flow control and a floating 
retro ball check, which permits full flow in 
the opposite direction. Retro ball floats in 
most sensitive position to its seat, requiring 
only a slight differential pressure to fully 
open or close it. 

Needle design permits maximum flow ca- 
pacity in the controlled direction. Metal to 
metal needle and ball seats insure long 
trouble-free service. Simple, practical ‘O’ 

land structure eliminates troublesome leak- 

ng. Valve bodies machined from hex brass 
or aluminum for 2000 psi working pressures; 
steel and stainless steel for 5000 psi. Made in 
5 female pipe sizes— 4%” to %4”. ATTRACTIVE 
PRICES . . . IMMEDIATE DELIVERY. 
Write for illustrated circular and prices. 


Pneu- -Trol DEVICES, INC. 


* CHICAGO 51), IL 


£ED CONTROL for 


rgle Acting Cylinder 





KEATING AVENUE 


Circle 581 on page 19 


Compression & Tension Type 


Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
with “O” rings. 3” standard bend radius. 
%" minimum bend radius. 


Three Types: 
1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 


2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 





Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys and dual 
cables. Patented U.S. A. All world rights reserved. Send 
for ENGINEERING MANUAL giving detailed prints and 
complete specifications covering materials, finishes, capa- 


cities. Please address Dept. MD-57. 





SOUTHWEST PRODUCTS CO. 
1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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If you'll show us 


the small machined 





AUTOMATIC (\ eee | } parts you use... 
CLUTCHES AND 
TRANSMISSIONS 


freer ttotartanial 


for Gasoline Engines a | h 
Gas Turbine Engines the ‘ - 
Electric Motors Le ie J we OW bs O ul 
Do you have a clutch problem? : 


Since 1936 Salsbury has been _—~ 
solving clutch problems by 





designing and manufacturing 
automatic clutches and trans- 
missions for a wide range of 


== LD save up 10.70% 


1161 E. Florence Ave. SA LSBU RY 


Los Angeles 1, Calif. farol E el W Ganen.) 


on parts that do a better job 


Circle 583 on page 19 
Cold-formed parts by Progressive’s modern methods 
are saving users of small parts thousands of dollars 
yearly. For each machining or other production 
ON operation that you can eliminate (without the loss 


AIR AND ORAULIC of mechanical values), means savings to you in time, 
CYLINDER REQUI money and metal. Savings that run as high as 70%. 


REGARDLESS OF YOUR NEEDS QUOTATIONS - How to get a good one... FAST 


WE CAN SUPPLY THEM Send us samples, dimensions, materia! specifica- 
tions, and drawing. This can be a rough sketch if 
dimensions are clearly and accurately indicated. 
Knowing quantities and what the part does will 
help to give you the best cost we know how. We'll 
go to work at once, and you'll have a firm Progres- 
sive figure to help you cut your costs. Check your 


machined parts today. We'll start to work opening 

4 We engineer and manufacture Air and Hydraulic Cylinders 

for every application 

Cylinders meet J. I. C. standards hear from you. 

Airdraulic cylinders for controlling feed in both directions 

New design Piston Packing assures minimum of bypass on 

hydraulic cylinders Machine screws and special fasteners are our business 

Complete range of sizes, 114” bore through 8” bore, standard. including square and hexagon machine screw nuts, Sems fasteners. 

Larger sizes on request. slotted tapping screws and Phillips Head Screws 


a Progressive “savings-account” as soon as we 


A full range of Air and Hydraulic Boosters. STANDARDS AND SPECIALS CUSTOMIZED FOR YOUR NEEDS 


Delivery to meet your requirements. 
WRITE FOR NEW CATALOG 


THE PROGRESSIVE MFG. CO. 

3100 E. MICHLGAN AVE. 
LY NAIR Inc. ; Division of The Torrington Company 
52 Norwood Street, Torrington, Connecticut 


JACKSON, M®CHIGAN 
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new Husco Selector 
Valves 


Provide 
accurate 
control of 
Two-Line Sequence 


These new precision-machined selector valves, unusually 
compact, space-saving, and provide instantaneous adjust- 
ment for either of the fluid lines. Important addition to 
the HUSCO line of hydraulic valves, cylinders, pumps and 
controls, the new Series 3070 Selector Valves are available 
in two sizes—for capacities up to 30 and 60 g.p.m. 


Write for engineering specifications on the new 
HUSCO Series 3070 Selector Valves, and suggestions 
on their profitable adaptation on your equipment. 


Check HUSCO first for modern hydraulic units engi- 
neered to your needs. 


theo ~=YDRAULIC UNIT 


HUSCO = SPECIALTIES CO. 


ly gd PUMPS @ VALVES @® CYLINDERS 


WAUKESHA, WISCONSIN 
Circle 586 on page 19 
Use this TH | N 
GRIPCO 


JAM NUT 


‘FOR «valve 
Handles 
¢ Casters 
¢ Shears 
* Clippers 
e Sickle Bars 





or wherever you need a positive lock 
on short bolts where the strength of a 
full nut is not needed. 

GRIPCO JAM NUTS come in the New 
Unified Finished and Heavy Series 
(Hexagon), in standard full and jam 
dimensions, in steel, brass and alu- 
minum. 


Gripes Products Include: 


Gripco Lock Nuts * New Gripco “Clinch Nuts’ 
Gripco Hi-Nuts + Gripco Pilot-Projection and 
Countersunk Weld Nuts 
all with or without the famous Gripco positive 
locking feature. Also Standard Semi-Finish Nuts. 





Write for samples and full particulars. 


NUT company 


103 Maple Ave. + South Whitley, Ind. 
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USE CERRO ALLOYS 


and save time and money — 
in making blanking dies . . . 


CERROMATRIX saved 
16 hours in making 
this blanking die 


locating bearings and non-moving parts in machinery 
making chuck-jaws 
bending thin-walled tubing 
making molds for plastics 
proof-casting forging molds, dies, etc. 
or 
Doing any of 63 well-known metal-working jobs. 
Send for free folder: 
“63 JOBS YOU CAN DO BETTER WITH CERRO ALLOYS" 


Send for further information. 
CERRO DE PASCO SALES CORPORATION 


300 Park Avenue, Room 1508 New York 22, N. Y. 





Circle 587 on page 19 











ENGINEERS 


AVAILABLE OR WANTED 














AVAILABLE: Mechanical design engineer, experienced and 
competent, available for projects and limited engagements. 
Over twenty years of experience on drafting, design, de- 
velopment—production tools, power press dies, machinery, 
product. Any locations. Address: Boxholder, 202 Back Bay 
Postal Annex, Boston, Massachusetts. 





Get yours 
while the supply lasts! 


MACHINE DESIGN 
“Directory of Materials” 


18th edition—the only one of its kind avail- 
able—$1.00 per copy 
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Are your chances 
against cancer 
any better today? 


IF! 


Formerly, we could cure one 


The answer’s yes. . 


out of every 4 cancer patients. 
Today, it’s one out of 3. So 
why the big IF? Because the odds 
against cancer depend on you! 
Only you can keep alert for any of 
the 7 danger signals, and see your 
doctor about even the tiniest 
“maybe.” Only you can give us 
the money we need to keep re- 
search going full speed. Remem- 
ber, time is everything with 
cancer. So don’t wait! See 
your health 
checkup. And send a check 
to the American Cancer 
Society—today ! Send your gift 


doctor for a 


to “Cancer” in care of your 
local Post Office. 


American Cancer Society 
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NOW 


TIGHT). ...what the designer should know about... 


—.. ADJUSTABLE-SPEED 


Robert C. Rodgers, 


Leo F. Spector, 


Keith A. Carlson 
... covers all the basic methods 
of adjustable speed! 


", .. the most comprehensive design guide on 
FLECTRICAL Adjustable-Speed Drives available anywhere" 


Here, in one book—148 pages, with 24 tables, 119 charts and 171 illus- 
4 


trations—is what the designer should know about adjustable speed. It 


MECHANICAL contains the entire co-ordinated program of articles which appeared in 


MACHINE DESIGN on main drive and transmission types—electric-mo- 


tor, slip-coupling methods, mechanical drives, and hydraulic drives. 


You will find basic analyses of types and selection factors, useful listings 


HYDRAULIC of nomenclature and symbols, charts on control systems, tradename list- 


ings, and many other practical design details. 


A must for your “working library”. Use the handy form below and order 
your copies today! (Remittance enclosed with your order will speed 


the delivery of your copies.) 


MACHINE DESIbi SEND ME copies of “ADJUSTABLE-SPEED DRIVES 


at $2.00 per copy 


Penton Building 
Cleveland 13, Ohio 


NAME 


TITLE 


COMPANY 


Remitt anclosed ADDRESS 
(Add 3% to orders for ee : 


delivery in Ohio to 


cover state sales tax) Please bill me CITY 
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When you design-in seals 


ayn of Oil Seals This W, 








a. Outer Case A good oil seal is a carefully engineered, precision 
Formed to extreme close tolerance of manufactured assembly of carefully engineered, 

avy gauge steel v sufficient s ral 1c] ) 
Sh. WE ces ee precision manufactured components. Each part must be 


i a exactly right for the given application or the seal 
b. Sealing Lip will not function properly. 


Properly prescribed material either com 5 ; ri $ : 
pounded or processed for application con- You avoid dangers of costly retooling, remanufacture or 


ditions of temperature and eccentricities. premature replacement when seals are correctly 
Precisely molded for correct shaft inter- ‘ r % A ° 
ference, low torque and positive sealing. specified during your product’s design stage. Each sealing 


c. Tension Spring application is different; many designers use National’s 


Carefully engineered as to metallurgy, 5; 
heat treatment and coil diameter to pro- latest—oil seals are used. 


vide uniform compressive force on the a r ; baie ot : 
Why “do it yourself?” Call the National Seal field 


engineer now. His service involves no obligation. 


field engineering service to be sure correct —and 


sealing element. 


d. Inner Case 
Strengthens, protects; sturdy gauge steel NATIONAL SEAL 


formed to close tolerances, DIVISION, Federal-Mogul-Bower Bearings, Inc. 
GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio, Redwood City 
and Downey, California 










CATALOGS IN SWE? 
36th year 
CHICAGO, ILL Room 462, McCormick Building, HArrison 7-5163 INDIANAPOLIS, INDIANA . 2802 North Delaware Street, WAlnut 3-1535 
CLEVELAND, OHIO . 210 Heights Rockefeller Bldg., YEllowstone 2-2720 MILWAUKEE, WIS. . . 647 West Virginia Street, BRoadway 1-3234 
DETROIT, MICH om 13836 Puritan Avenue, VErmont 6-1909 NEWARK,N.J. . . . . . 1180 Raymond Blivd., MItchell 2-7586 
Downey (Los Angeles County), CALIF. . . 11634 Patton Road, TOpaz 2-8163 
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The ‘‘works’’ of a tower clock. 4% H.P., 115/230 volt, 
60 cycle, 1 phase Master Right Angle Gearmotor supplies 
main drive with a synchronous output speed of 30 R.P.M 


You may not need clock drives, but time 
(production time) is a problem everywhere— 
and that calls for the most dependable, most 


efficient use of electric drives—like here! This 
clock, with 300 Ibs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 

Are you sure you've got the right answer to 
your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 





Motor Ratings...’ to 400 H.P. All phases, voltages, frequencies. 


Motor Types Squirrel cage, slip ring, synchronous, repulsion- 
start induction, capacitor, direct current. , 


Construction Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose. 


Speeds Single-speed, multi-speed, and variable speed. 


Installation Horizontal and vertical, with or without flanges 

on and other features. 

Features Electric brakes (2 types) —5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 


Dayton 1, Ohio 
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ANNOUNCING! 


Increased capacity ratings 
for Timken bearings 


1. Timken Roller Bearing Company announces 
an increase in the capacity ratings of most 
series of Timken® tapered roller bearings. Increases 
range up to 39%. Most are in the neighborhood of 
10%. Some are negligible. 


Permits Use of Smaller Bearings 


This increase in capacity ratings makes it possible 
for many of you to use smaller bearings. Your 
products can be made more compact. You can save 
weight. You may be able to reduce the size of your 
shafts and housings. And you may be able to use 
Timken bearings in new applications where they 


have not been practicable in the past. 


3 Reasons for Increases 


What led to these increases in Timken bearing 
capacities? Three things: 
First, a careful review of more than 6,000 different 
laboratory studies of Timken bearing perform- 
ance on fatigue life machines. From these ex- 
haustive studies, conducted on an organized, 
scientific basis since 1924, we keep learning more 


and more about predicting bearing life. 


Second, refinement in the method of analyzing 
these studies mathematically. 
Third, a careful review of the life of millions of 


Timken bearings in the field. 


How Much Can This Save You? 


To find out how the new capacity ratings affect the 
types and sizes of Timken bearings in which you 
are interested, call your Timken bearing represent- 
ative or write our Engineering Department. We'll be 
glad to work with you at the drawing board stage. 
The Timken Roller Bearing Company, Canton 6, 
Ohio. Canadian plant: St. Thomas, Ontario. Cable 
address: ‘“TIMROSCO”’. 


TAPERED ROLLER BEARINGS ROLL THE LOAD 


Circle 403 on page 19 





